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back on the swing shift 


Many SUFFERERS from chronic 
asthma are being restored to active, 
useful lives through the effectiveness 
of NORISODRINE Sulfate, a potent 
bronchodilating powder. 

When a bronchospasm impends, all 
the patient need do is take three or 
four inhalations with the pocket-sized 
AEROHALOR, and the attack usually sub- 
sides immediately. He doesn’t have to leave 
his job, undergo painful injections or use cum- 
bersome equipment. 

Clinical studies! have proved the effectiveness 7 
of NoRISODRINE in mild and severe asthma. Toxicity 
is relatively low, and with proper administration the 
side-elfects are few and usually mild. 

Before prescribing NORISODRINE, please write to 
Abbott Laboratories, North Chicago, Illinois, for litera- 
ture explaining administration, dosage and precautions. 
NorisopRINE Sulfate Powder 10° and 25% is available in 
multiple-dose AEROHALOR* Cartridges 


three cartridges to an air-tight vial. Abbott 


"Reg T. M. for Abbott Sifter Cartridge. 


NORI SODRINE”® sulfate powder 


(ISOPROPYLARTERENOL SULFATE, ABBOTT) 


for use with the AEROHALOR,” Abbott's powder inhaler 


1. Kaufman, R., and Farmer, L. (1951), Norisodrine by Aerohalor in Asthma, Ann. Allergy, 9:89, Jan 
Feb. 2. Swartz, 4. (1950), Norisodrine Sulphate (25 Per Cent) Dust inhalation in Severe Asthma, Ann 
Allergy, 8488, July-August. 3. Krasno, Grossman, M., and Ivy, A. (1949), The inhalation of !-(3',4’ 
Dihy droxypheny!)-2-bopropylaminoethanol (Norisodrine Sulfate Dust), J. Allergy, 20:111, March 
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nd of absorbable gelatin sponge. Cut” 
fit, and placed against an oozing sur: 
face, Gelfoam is an effective “hemostatic 
sentinel”: coagulation | is hastened, oper 
ating time often shortened. 
Gelt to times ius 


Minutes of devitalizing capillary bleeding | 
within 20 to 45 days, with virtually 
Supplied in a variety of convenient sizes, 
pack, prostatectomy cone and biopsy 
Researe for medicine produced with care— designed for health 4 


actor here is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 

It is quick and easy to apply. The Protective film guards the skin and 

it washes off in water. No dirt—pigments—or paints can touch the 

skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
15 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


HEALTH EDUCATION BOOKLETS 


Nine booklets on topics of interest to you 
and your patients. You will find them 
helpful in answering some of the ques- 
tions brought to you. 


HEARING 
HEARING INFORMATION, PLEASE! Mary Wood 
Whitehurst. 3 pages. 15 cents. 
WHICH HEARING AID SHALL | BUY? Waring J 
Fitch and LeRoy D. Hedgecock. 6 pages. 15 cents 


ORAL AND DENTAL HYGIENE 

CORRECTING CLEFT PALATE. J. S. Horsley, Jr 
3 pages. 5 cents. 

THE CHILDREN’S SPEECH CLINIC: 1, II, tll, tv. 
Ruth E. Beckey. 14 pages. 10 cents. 

WHY OTHER PEOPLE SMELL. Howard W. Haggard 
4 pages. 5 cents. 

WHY STUTTER? John A. Glassburg. 4 pages 5 
cents. 

YOUR VOICE. Chevalier Jackson and Chevallier L 
Jackson. 12 pages. 15 cents. 

THE CARE OF THE TEETH. William M. Gardner 30 
pages. 15 cents. 


OUR FOOD AND OUR TEETH. Percy R. Howe 4 
pages. 15 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
l 535 North Dearborn Street 
| Chicago 10, Illinois 
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LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 77 


THE CRIME: Causing Industrial Derma- 


titis Among Plant Personnel 


THE SENTENCE: Destroy on Sight with 
MILBURN PLY CREAM 


THE REWARD: Increased Production; 
Decreased Compensation Costs 


W': as Americans, are proud of our produc- 


tive ability. But hovering over the Industrial 
Worker is “Exposuritis,” causing “time off,” pro- 
duction leaks and high compensation costs. 

How can you stop this scourge’ Introduce your 
personnel to Milburn PLY CREAM, a safe 
barrier against Industrial Dermatitis. PLY 
CREAM offers effective protection from most 
harsh irritants, yet it is gentle, easy to apply and 
remove. 


Inquire today into the Milburn Method for 
Plant Safety: a Free Survey of your indus- 
trial operation that will lead to increased 
production, greater profits. 


The 


ILBURN 


Company 
Detroit 7, Michigan 
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in lobar preumonta: 


The prompt response to Terramycin 
therapy in lobar pneumonia is consistent 
with results obtained in primary atypical 
pneumonia, bronchopneumonia and many 
other infections of the respiratory tract. 
In a typical series of pediatrie cases, 
Terramycin-treated, “temperatures 
returned to normal in 24 to 48 hours 
after therapy was begun, The clinical 
appearance of marked improvement took 
place during the same period.” 


Potterfield, Go, and Starkweather, G. A.: 
J. Philadelphia General Hosp. 2:6 (Jan.) 1951 


Lerrawycin 


available Capsules, Elixir, Oral Drops. Intravenous, 


Ophthalmic Ointment, Ophthalmic Solution. 


ANTIBIOTIC DINISLON CHAS. PFIZER & CO.,INC., Brooklyn 6, N.Y. 
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lished ‘by the American Medical Association as a medium for the advancement of 

knowledge on the diseases of industry and for the publication of scientific investigation 
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be addressed, A. M. A. Arcuives or INpUsTRIAL HYGIENE AND OCCUPATIONAL MEDICINE, 
\merican Medical Association, 535 North Dearborn Street, Chicago 10. 


Manuscripts for publication and books for review should be sent to Prof. Philip Drinker, 
Chief Editor, 55 Shattuck Street, Poston 15. 


Articles are accepted for publication on condition that they are contributed solely to the 
\. M. A. Arcuives or INpustriaL HyGiENE AND OccuPATIONAL MEpicrne. Manuscripts must 
be typewritten, preferably double spaced, and the original copy should be submitted. Zine 
etchings and halftones will be supplied by the Association when the original illustrations warrant 
reproduction and when their number is not considered excessive. 

Footnotes and bibliographies (the latter are used only in exhaustive reviews of the 
literature) should conform to the style of the Ouarterly Cumulative Index Medicus. This 
requires, in the order given: name of author, title of eae and name of periodical, with 
volume, page, month—day of month if the journal appears weekly—and year. 

Matter appearing in the A. M. A. Arcuives or INpustTRIAL HYGIENE AND OCCUPATIONAL 
MepIcINE is covered by copyright, but as a rule no objection will be made to its reproduction in 
a reputable medical journal if proper credit is given. However, the reproduction for com- 
mercial purposes of articles appearing in this periodical or in any of the other publications issued 
by the Association will not be permitted. 

The A. M. A. Arcuives or INpUsTRIAL HYGIENE AND OcCUPATIONAL MEDICINE is issued 
monthly. The annual subscription price (for two volumes) is as follows: domestic, $8.00: 
Canadian, $8.40; foreign, $9.00, including postage. Current single copies are $1.00 


Checks, money orders and drafts should be made payable to the American Medical 
\ssociation. 


OTHER PERIODICAL PUBLICATIONS 
of the American Medical Association 


THE JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION—Weekly. Covers all the medical sciences 
and matters of general medical interest. Lllustrated. Annual subscription price (three volumes): domestic, 
$15.00; Canadian, $16.50; foreign, $19.00. Single copies, 45 cents 

. M. A. ARCHIVES OF INTERNAL MEDICINE-— Monthly. Devoted to the publication of advanced 
original clinical and laboratory investigations in internal medicine. Illustrated. Annual subscription price 
(two volumes): domestic, $10.00; Canadian, $10.40; foreign, $11.00. Single copies, $1.00. 

A. M. A. ARCHIVES OF NEUROLOGY AND PSYCHIATRY Monthly. A medium for the presentation 
of original articles on nervous and mental diseases, with abstracts from foreign and domestic literature, book 
reviews, transactions of special societies, ete. Illustrated. Annual subscription price (two volumes) : domestic, 
$12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25 

A. M. A. ARCHIVES OF DERMATOLOGY AND SYPHILOLOGY Monthly. Devoted to advancing the 
knowledge of and progress in cutaneous diseases and syphilis. Publishes original contributions on these two 
subjects, transactions of the important dermatological societies, book reviews, etc. Illustrated. Annual sub- 
scription price (two volumes): domestic, $12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25. 

A. M. A. AMERICAN JOURNAL OF DISEASES OF CHILDREN—Monthly. Presents pediatrics as a 
medical science and as a social problem. Includes carefully prepared reviews, based on recent pediatric 
literature, abstracts from foreign and domestic literature, book reviews, transactions of special societies, etc 
Illustrated. Annual subscription price (two volumes): domestic, $12.00; Canadian, $12.40; foreign, $13.50 
Single copies, $1.25 

A. M. A. ARCHIVES OF SURGERY—Monthly. Devoted largely to the investigative and clinical phases of 
surgery, with monthly reviews on orthopedic and urologic surgery. Well illustrated. Annual subscription 
price (two volumes) : domestic, $14.00; Canadian, $14.40; foreign, $15.50. Single copies, $1.25, except special 
numbers 

A. M. A. ARCHIVES OF OPHTHALMOLOGY. Monthly. Includes original articles on diseases of the eye, 
annual reviews of special subjects, book reviews, transactions of special societies, etc. Illustrated. Annual 
subseription price (two volumes): domestic, $12.00; Canadian, $12.40; foreign, $13.00. Single copies, $1.25 

A. M. A. ARCHIVES OF OTOLARYNGOLOGY Monthly. A medium for the presentation of ortginal 
articles on diseases of the ear, nose and throat, with abstracts from foreign and domestic literature, book 
reviews, transactions of special societies. etc. Illustrated. Annual subscription price (two volumes) : domestic, 
$12.00; Canadian, $12.40; foreign, $13.00. Single copies, $1.25 

A. M. A. ARCHIVES OF PATHOLOGY—Monthly. A periodical devoted to the publication of original 
articles and general reviews in the field of pathology. Mlustrated. Annual subscription price (two volumes) 
domestic, $8.00; Canadian, $8.40; foreign, $9.00. Single copies, $1.00, except special issues 

QUARTERLY CUMULATIVE INDEX MEDICUS—A complete subject and author index to the worth while 
current medical literature of the world. Issued twice a year. Volumes bound for permanent reference 
Subscription price, calendar year: domestic, $20.00; Canadian, $22.00; foreign, $22.00. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street CHICAGO 10 


“ 
4 
i 
. 
4 
F 
| 
: 
4 
‘ 
: 
\ 
iad 
4 
j 
j 
: 
j 
25 
= 


A. M. A. 
Archives of Industrial Hygiene and Occupational Medicine 


VoLuME 5 JANUARY 1952 NUMBER 1 


COPYRIGHT, 1952, BY THE AMERICAN MEDICAL ASSOCIATION 


TREATMENT OF CHRONIC PULMONARY DISEASE WITH INTERMITTENT 
POSITIVE PRESSURE BREATHING 


|. Evaluation by Objective Physiological Measurements 
HURLEY L. MOTLEY, M.D. 
AND 


JOSEPH F. TOMASHEFSKI, M.D. 
PHILADELPHIA 


URTHER studies and clinical observations have been made on a treatment 

method previously reported from this laboratory,’ employing intermittent 

positive pressure breathing (I1P1?’B) combined with simultaneous nebulization of 

a potent bronchodilator drug in the management of chronic pulmonary disease. 

Objective physiological measurements are reported which were obtained on 

patients with fibrosis and emphysema before and after treatment. The inter- 

mittent positive pressure breathing method of treatment has been found to be by 

far the most satisfactory procedure for providing subjective relief? in patients 

having many types of chronic pulmonary ailments with associated fibrosis and 

emphysema. In the more severely disabled ones the clinical response to the treat- 

. ment may be slow and several months of daily treatments may be required to 
obtain an optimal response. Some individuals so treated have been sufficiently 

rehabilitated to carry on their occupations with one or two intermittent positive- 

P pressure breathing treatments a day, whereas previously the severe dyspnea was 
completely disabling. The early morning treatment has been found usually the 

most effective for the severely dyspneic emphysematous patient, as the prolonged 

rest in bed during the night tends to promote defective alveolar aeration with 

retention of secretions. In the asthmatic group the bedtime treatment is usually 


the most useful in that it leads to satisfactory rest and sleep. The treatment method 
has been used successfully in many parts of the country and extensively in some 
large clinics in West Virginia * and California." 

This investigation was aided by a research grant of the Anthracite Health and Welfare Fund 


to Jefferson Medical College Hospital. 
From the Cardio-Respiratory Laboratory, Barton Memorial Division, Jefferson Hospital, 


and Department of Medicine, Jefferson Medical College. 
1. Motley, H. L.; Lang, L. P., and Gordon, B.: Use of Intermittent Positive Pressure 
3reathing Combined with Nebulization in Pulmonary Disease, Am. J. Med. 5:853, 1948. 


Treatment of Silicosis in Coal Miners, Arch. Indust. Hyg. 2:365 (Oct.) 1950. Gordon, B.: 


Motley, H. L.; Theodos, P. A.; Lang, L. P., and Tomasheiski, J. F.: Consideration of the 
Clinical and Physiologic Factors in the Treatment of Chronic Pulmonary Conditions, Dis. Chest 


19:271, 1951. 


3. Martin, J. E., Jr.: Personal communication to the authors from Golden Clinic, Elkins, 


W. Va., 1951. 


Angeles, 1951. 


i 2. Gordon, B., and Motley, H. L.: Pathological and Physiological Factors Involved in the 


4. Smart, R. H.: Personal communication to the authors from Good Hope Clinic, Los 
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For the past two years most of our treatments have been given with the M. S. A. Pneophore 
modified by replacing the Burns valve with a Bennett cycling valve and a compensated pressure 
exhalation valve. During the past year the Bennett apparatus has become available commercially, 
specifically designed for giving intermittent positive-pressure breathing treatments.> The Bennett 
apparatus (Fig. 1) produces a more physiological type of mask pressure curve (Type 3) than 
the Pneophore.® The flow-sensitive Bennett cycling valve permits as long an expiration time as 
the patient desires, the pressure drops to atmospheric immediately after the valve cycles early 
in expiration, and the apparatus follows the patient's pattern of breathing; also the instantaneous 
flow rate is adequate for use on all types of dyspneic patients. The Bennett apparatus, further- 
more, 18 easy to clean and unlikely to stick, for there is no rebreathing through the cycling valve 
and the compensated pressure exhalation valve is easily removed (only a few seconds being 


required for cleaning after use).* The treatments are given at the rate of three a day for 20 


3 
HERAPY 


Fig. 1.—Pressure breathing therapy unit (Bennett type) for the administration of inter- 
mittent positive pressure breathing (IPPB) combined with simultaneous administration of a 
nebulized solution of a bronchodilator drug (isopropylarterenol hydrochloride N. N. R. or vapo- 
nefrin® hydrochloride). The unit is attached to a standard oxygen tank. The treatment is given 
with the patient in the sitting position and using either a mouthpiece and nose clip or a mask. 
The rate of nebulization of the bronchodilator solution is controlled by a separate needle valve. 
The maximal peak pressure adjustment control is set at 20 em. of water. The operation and 
maintenance of this unit are very satisfactory. 


5. V. Ray Bennett, 320 South Robertson Boulevard, Los Angeles 48, Calif. 

6. Cournand, A.; Motley, H. L.; Werko, L., and Richards, D. W., Jr.: Physiological 
Studies of the Effects of Intermittent Positive Pressure Breathing on Cardiac Output in Man, 
Am. J. Physiol. 152:162, 1948. 

7. More recently the J. H. Emerson Company, Boston, has designed a pressure-sensitive 
apparatus for giving the treatments, which appears promising, as the flow and cycling character- 
istics are satisfactory and the apparatus is easy to clean. The mechanical performance is being 
tested 
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minutes each with oxygen. Eight drops of the bronchodilator solution § is diluted with & drops 
of isotonic sodium chloride solution, and by means of the needle valve the nebulizer is adjusted 
to nebulize very slowly (Fig. 1). A standard course of treatment two to three weeks in duration 
has been given. The number of treatments, the duration of single treatments, and the quantity 
of bronchodilator drug used may be varied for the individual case. Secondary symptoms caused 
by the bronchodilator drug are to be avoided. In control of such reactions the two important 
factors are the rate of nebulization and the use of oxygen as the gas under pressure for operating 
the IPPB apparatus. The electrocardiogram has not been observed to be altered by the vaso- 


Tas_e 1.—Measurements in 300 Consecutive Cases of Silicosis Before and After One Intermittent 
Positive-Pressure Breathing Treatment 


Insignificant Significant 


Degree of Decree of 
Emphysema * Emphysema t 
Number of cases..... 100 200 
Vital capacity, ce. 
‘ 3,936 3,268 
Maximal breathing capacity, L./min. 
After...... 112.5 67.6 
Change...... +11.5% +22.2% 


* Residual air less than 35% of total lung volume. 
+ Residual air more than 35% of total lung volume. 


Taste 2.—Measurements in Forty-One Cases of Silicosis Before and After One Intermittent 
Positive Pressure [reatment and After a Course of Such Treatments * 


Insignificant Significant 
Degree of Degree of 
Emphysema Emphysema 


1 
Number of cases......... } 16 25 ‘ 
Vital capacity, ce. 
Te 3,955 3,000 
After one treatment.. 4,017 3,382 
After course............ 4,056 3,220 


Maximal breathing capacity, L. min 


After one treatment....... 110.4 77.0 


* Three times daily for 20 minutes each time during two weeks 
+ Residual air less than 35% of total lung volume 
} Residual air over 35% of total lung volume. 


constrictor action of the bronchodilator drug during treatments using oxygen, but changes in the 
S-T segment and T wave have been noted when compressed air was used. 

Maximal breathing capacity (JBC) and vital capacity (’C) measurements were obtained 
with a large 13.5-liter Benedict-Roth modified gasometer equipped with a high-velocity low- 
resistance directional valve.* In 300 consecutive cases (Table 1) maximal breathing capacity 
and vital capacity measurements were taken before and immediately after one intermittent 
positive pressure treatment combined with the simultaneous administration of a bronchodilator 


8. The drugs suggested are isopropylarterenol hydrochloride (isuprel® hydrochloride 
N. N. R.) and a synthetic racemic epinephrine hydrochloride (vaponefrin®). 

9. Motley, H. L.; Lang, L. P., and Gordon, B.: Pulmonary Emphysema and Ventilation 
Measurements in 100 Anthracite Coal Miners with Respiratory Complaints, Am. Rev. Tuberc 


59:27(), 1949. 
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(vaponetrin®) with use of the Bennett apparatus (Fig. 1). A comparison was also obtained in a 
series of 41 cases in which maximal breathing capacity and vital capacity were determined 
before and immediately after one treatment, and after a course of treatments (intermittent posi- 
tive pressure angry with vaponefrin® three times daily for 20 minutes each time during two 
weeks) (Table 2). All degrees of pulmonary involvement pertaining to both bronchial obstruction 
and decrease in te elasticity were observed in the silicotic patients. In general the obstructive 
pattern was pronounced, but in most cases some reduction of the bronchospasm was observed 
tollowing the intermittent positive pressure breathing-bronchodilator treatments. In most cases 
the increase in maximal breathing capacity was satisfactorily demonstrated from tracings taken 
before and immediately after one treatment (Fig. 2 

The effect of bronchial obstruction on the breathing pattern was studied by electrical record- 
ings of instantaneous flow rates during maximal rapid and deep breathing. The slight pressure 
drop produced by breathing through a 3-in. (7.5-cm.) monel screen (400 mesh with imper- 
ceptible breathing resistance) was amplified electrically and recorded with a_ high-speed 


427 


+ 
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Fig. 2.-Spirogram recording of maximal breathing capacity (1/BC) and vital capacity (IC) 
on a large modified Benedict-Roth metabolism machine (13.5-liter capacity) before (above) and 
after (below) intermittent positive pressure breathing-bronchodilator treatment in two cases 
of silicosis, one case, No. 271, with a normal residual air and the other case, No. 280, with an 
increased residual air percentage of total lung volume (71"). It can be noted that the maximal 
breathing capacity was increased from 101 to 144 liters per minute and the vital capacity from 
5,280 to 5,775 cc. in Case 271, while in Case 280 the maximal breathing capacity was increased 
trom 48 to 85 liters per minute and the vital capacity from 3,835 cc. to 4,640 cc. 


camera? Such pressure tracings provide useful intormation concerning bronchospasm and 
elasticity changes in the lungs. 


Bronchospasm has been found to be a highly important factor in the production 
of dyspnea in patients with fibrosis and emphysema, regardless of the cause of these 


10. Motley, H. L.: Evaluation of Pulmonary Function Impairment by Physiological Studies 
on 400 Unselected Cases of Hard and Soft Coal Miners with Respiratory Complaints, read at 
Conference on Silicosis and Aluminum Therapy, Schumacher, Ont., Canada, Jan. 30, 1951, 
Toronto, McIntyre Research Foundation, 1951, pp. 49-67. 
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conditions."' Impaired movement of the diaphragm, loss of lung elasticity, and 
bronchial obstruction, singly or combined, may produce such physical limitation 
of breathing that the usual methods of aerosol therapy are ineffective as a result 
of uneven distribution of the inspired air throughout the lungs, particularly the 
bases. The increase in maximal breathing capacity (Tables 1 and 2 and Fig. 2) 
noted after the intermittent positive pressure breathing-bronchodilator treatment 
was interpreted as being subsequent to relief of the bronchospasm. 

Flow tracings of rapid and deep breathing before and after one intermittent 
positive pressure breathing-bronchodilator treatment are shown in Figure 3 for a 
case of asthma (upper tracing) and a case of chronic bronchitis (lower tracing). 
The great improvement observed in volume of ventilation was accompanied by a 
decrease in the obstructive portion of the expiratory curve. Bronchospasm was 


Fig. 3—Flow tracings of rapid deep breathing before and after one intermittent positive 
pressure breathing-bronchodilator treatment in a case of asthma above and a case of chronic 
bronchitis below. The maximum breathing capacity (.7BC) increased from 58 to 93 liters per 
minute in the case of asthma and from 127 to 175 liters per minute in the case of chronic bron- 
chitis. The calibration for the flow tracings shown above is in liters per minute. Inspiratory flow 
is downward and expiratory flow is upward. 


undoubtedly the causative factor, and the bronchial obstruction was reversible to 
a very large degree in these two cases. In both cases there was a definite reduction 
in clinical expiratory rales and squeaks following the treatment. Instantaneous 
flow tracings taken before and after one intermittent positive pressure breathing- 
bronchodilator treatment from two silicotic patients are presented in Figure 4. 
Improvement was noted after treatment in both these cases but was of smaller 
magnitude than that seen in the first two cases, particularly in the patient with far- 
advanced impairment of pulmonary function shown at the bottom of Figure 4. Two 


11. Motley, H. L.; Gordon, B.; Lang, L. P., and Theodos, P. A.: Impairment of Pulmonary 
Function in Anthracosilicosis, Arch. Indust. Hyg. 1:133 (Feb.) 1950. 
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BEFORE IPPB. AFTER (PPB. 


EAN | | \A\AA 


Fig. 4.—Flow tracings of rapid deep breathing before and after one intermittent positive 
pressure breathing-bronchodilator treatment in two cases of silicosis; the one above represents 
a slight degree of impairment of pulmonary function and the one below a far advanced degree 
of such impairment. The calibration of the curve of inspiratory and expiratory flow is similar to 
that in Figure 3. 


Fig. 5—Two abnormal-type flow-pattern tracings, obtained during maximal fast deep breath- 
ing, y Dante he obstructive and elasticity changes in the lungs. The upper tracing reveals a 
marked degree of fixed expiratory breathing resistance in a silicotic patient. Expiratory wheezes 
were audible for a distance of several feet after the rapid deep breathing. The obstructive pattern 
has a long exhalation time interval as shown, 0.51 second. The lower tracing illustrates 
decreased lung elasticity in a case of diffuse fibrosis following radiation treatment. Note the 
prolonged time interval from the peak inspiratory flow to the peak expiratory flow, 0.33 second, 
as compared with 0.12 second from peak expiratory flow to peak inspiratory flow. Since expira- 
tion has a large passive element present during deep fast breathing, the changes in elasticity 
are more pronounced during expiration on the flow recordings than on inspiration. 
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patterns of flow tracing during maximal deep and rapid breathing are shown in 
Figure 5, illustrating the extreme variations observed in bronchial obstruction and 
decreased lung elasticity. In the upper one, representing a silicotic who had a 
marked degree of fixed bronchial obstruction, no change of the flow pattern was 
observed following intermittent positive pressure breathing-bronchodilator treat- 
ment. The tracing shown at the bottom of Figure 5 is that of a patient suffering 
from acute irradiation fibrosis following high voltage x-ray therapy. The decrease 
of lung elasticity is striking, shown by the prolonged interval from maximal peak 
inspiratory flow to the maximal peak expiratory flow. No change of the flow pattern 
was noted in this patient after one intermittent positive pressure breathing-broncho- 
dilator treatment. 

Although no significant change was found in residual air volume after a two- 
or three-week course of intermittent positive pressure breathing treatments, in 
one case restudied after nine months of very intensive, more or less continuous 
therapy (three treatments or more daily), the residual air volume was decreased 
from 3,500 ce. (70.2% of total lung volume) to 2,330 cc. (56.4% of total lung 
volume), and the subjective improvement was very evident. This case illustrates 
the beneficial effect of prolonged treatment in a case of far-advanced impairment 
of pulmonary function in which the short course of two to three weeks’ treatment 
would be inadequate. 

Physiological measurements have revealed a more uniform alveolar aeration 
following intermittent positive pressure breathing ‘* in many patients having 
fibrosis and emphysema with unequal alveolar aeration and perfusion. Repeated 
treatments, three times daily for 20 minutes each time during two or three weeks, 
have been found to promote bronchial drainage. Mucus and secretions are not 
washed farther down the respiratory tract by this treatment with the Bennett or 
the Emerson apparatus as might be expected, because the peak expiratory flow 
velocity is greater than the peak inspiratory flow velocity and the net result is to 
work secretions outward, an expectorant-like action. .\ cough raises secretions 
by a similar air flow velocity mechanism. Improved bronchial drainage has been 
a consistent finding with the treatments in patients having increased amounts of 
sputum and in patients having thick, tenacious secretion, which is difficult to 
expectorate. The improved bronchial drainage, the more uniform distribution of 
aerosol to all parts of the lungs with consequent more effective relief of broncho- 
spasm, and the breathing exercise with improved muscle tone constitute the most 
important aspects of this method of treatment. One or two months or sometimes 
more may be required for the beneficial effects of the breathing exercise and 
improved muscle tone to be manifest in severely dyspneic and emphysematous 
patients, even when treatments are being taken daily. Further improvement in 
breathing (decreased resistance to the air moving in and out of the lungs) may 
be noted in some cases after a course of treatments as compared with a single 
treatment, and this is shown graphically by the increased inspiratory and expiratory 
flow tracings (Fig. 6). 


12. Motley, H. L., and Tomashefski, J. F.: Effect of High and Low Oxygen Levels and 
Intermittent Positive Pressure Breathing on Oxygen Transport in the Lungs in Pulmonary 
Fibrosis and Emphysema, J. Appl. Physiol. 3:189, 1950. 


i 
a 
% 
é 
\ 
: 
* 4 
; 
d 
| 


8 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Excessive resting in bed should be avoided, as this favors retention of secretions, 
impairs alveolar aeration, and lowers oxygen saturation of the arterial blood in 
many patients with chronic pulmonary disease. Moderate treadmill exercise (2 mi. 
{3 km.] per hour flat) often increases the arterial blood oxygen saturation '® as 
compared with the basal resting value even in cases of advanced impairment of 
pulmonary function. The deeper breathing which accompanies mild exercise 
provides better lung aeration, thereby increasing the amount of oxyhemoglobin and 
promoting better bronchial drainage. lostural drainage may also greatly benefit 
some patients. Regulated exercise should be instituted and maintained in patients 
with fibrosis and emphysema except during periods of acute infection of the upper 
respiratory tract. The respiratory infections should be managed symptomatically 
with antibiotics, preferably parenterally administered, along with the intermittent 
positive pressure breathing treatments. Sedatives and respiratory depressant drugs 
retard bronchial drainage and decrease ventilation and therefore are to be avoided 


Fig. 6—Comparison of flow tracings from a silicotic patient with a moderate degree of 
impairment of pulmonary function before and after one treatment and after a 15-day course of 
intermittent positive pressure breathing-bronchodilator treatments. Note the improvement in the 
flow-tracing pattern after 15 days of treatment as compared with the initial improvement after 
one treatment. The calibration of the curves of inspiratory and expiratory flow is similar to 
that in Figure 3. 


as far as possible. Most “cough preparations” do more harm than good because of 
their depressant effect, which retards bronchial drainage. Digitalis, aminophylline, 
and mercurial diuretics may be used if indicated, without stopping the intermittent 
positive pressure breathing treatment. Although cortisone '' may increase the 
maximal breathing capacity in some silicotic persons,'® there remained in the 
13. Motley, H. 1... and Tomashefski, J. F.: Comparison of Step-Up and Treadmill Exercise 
Using Arterial Blood and Respiratory Gas Exchange Measurements, Federation Proc. 9:92, 
1950 

14. The preparation used was cortone acetate, 100 mg. daily, for 10 days, generously supplied 
by Merck & Company, Inc. 

15. Motley, H. L.: The Effect of Cortisone Administration on Pulmonary Function Meas- 
urements in Coal Miners’ Silicosis, to be published. 
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group studied a significant degree of bronchospasm which could be relieved by 
intermittent positive pressure breathing combined with bronchodilator treatment. 
The combined therapy appears to be beneficial when cortisone is used in the treat- 
ment of silicosis. 

In one case of acute irradiation fibrosis (Fig. 5) intermittent positive pressure 
breathing was used without a bronchodilator drug (10 minutes out of every hour 
while the patient was awake) for a two week period, during the last 10 days of 
which 100 mg. of cortisone acetate was given daily. By this course of combined 
intermittent positive pressure breathing and cortisone treatments the vital capacity 
was increased from 1,108 cc. to 1,565 cc. and the maximal breathing capacity from 
58 liters per minute to 95 liters per minute. This improved condition has been 
maintained for six months without further therapy. 

The intermittent positive pressure breathing treatment is not used in cases of 
recent hemoptysis or recent spontaneous pneumothorax. If hypertension is obvious 
or if there is electrocardiographic evidence of the coronary type of myocardial 
insufficiency, the potent bronchodilators are not used, phenylephrine hydrochloride 
U. S. P. (neo-synephrine® hydrochloride) being substituted instead or, in some 
instances, isotonic sodium chloride solution. The use of 100% oxygen for the 
intermittent positive pressure breathing treatments is essential in protecting against 
the vasoconstrictor action of the bronchodilator drug. No cardiac episodes of any 
type have been observed following this method of treatment over a period of almost 
four years during which it has been in daily use in this laboratory. 


CONCLUSIONS AND SUMMARY 


The intermittent positive pressure breathing method of treatment appears to 
be most promising in providing relief and control of symptoms in the majority of 
cases of emphysema and fibrosis with dyspnea. Preliminary observations and 
follow-up studies indicate that progress of the disease may be arrested in some 
patients. It should be emphasized that this is a method of treatment and not a 
cure in the sense that the normal condition of the lung is restored. Most of the 
patients are able to increase their activities after the treatments, some to a gratifying 
degree. In a small number only a negligible or no change occurs. Measurements 
of pulmonary function taken before and after a course of treatments have revealed 
that the objective changes which can be measured are primarily related to the 
volume of and resistance to air moving in and out of the lungs, namely, vital 
capacity, maximal breathing capacity, and instantaneous inspiratory and expiratory 
flow rate patterns. Physiological measurements made after two or three weeks of 
treatment have not revealed significant changes in the distribution factor as meas- 
ured by arterial blood and expiratory gas studies. Also a significant degree of 
change of the pulmonary emphysema was rare. The employment of this treatment 
method does not, however, make the pulmonary emphysema worse. Maximal 
breathing capacity is the most significant and simplest objective measurement 
which can be correlated with subjective and clinical observations of improvement. 
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TETRYL TOXICITY: A SUMMARY OF TEN YEARS’ EXPERIENCE 


BURTON B. BERGMAN, M.D. 
NEWARK, N. J. 


ETRY L, tetralite, pyrenite, and C. E. are industrial names given to 2,4,6-trini- 
trophenylmethylnitramine. 


In the literature it has been frequently designated as tetranitromethylaniline, or 
N-methyl-N-2,4,6-tetranitroaniline, terms which are at least chemically misleading, 
as tetryl is not a true aniline. 

The compound was first synthesized in 1877 by Mertens,’ and classic descriptions 
were given in 1879 by Michler and Meyer *.and in 1883 by Rhomburgh (cited by 
Witkowski and associates *). It does not appear to have been used as an explosive 
until World War I. During World War II it was the commonest booster charge 
used, and at the present time it has the same place in the manufacture of munitions.‘ 


The production of tetryl parallels the military activity of the country. Because 

i of the emergency increase in the manufacture and handling of this substance in time 
: of war, it has often been placed in the hands of workers not familiar with the 
material, The reactions and untoward effects are then seen not only by the industrial 
physicians who are familiar with them but by many practitioners who normally 

care for the workers. The peace-time untoward reactions are usually mild and 

easily controlled. \War-time production has been associated with less personal 

i concern on the part of the workers, and therefore severer and more advanced 
reactions result. 


Tetryl has been handled at the Picatinny Arsenal for the past 25 years. The 
Medical Branch and Safety Office have maintained records during this period, 
and the statistical studies reported have been derived from these records. Non- 
statistical opinions have been derived by personal communication from safety 

From Picatinny Arsenal, Dover, N. J. 

Dr. Bergman is now surgical resident at Newark Beth Israel Hospital. 

1. Eddy, J. H., Jr.: Some Toxic Reactions of Common Explosives, Indust. Med. 12:483- 
486 (July) 1943. 

2. Michler, W.. and Meyer, K.: Tetryl, or 2,4,6-Trinitrophenylmethylnitramine, Ber. 
deutschen chem. Gesellsch. 12:1791-1793, 1879. 

3. Witkowski, L. J.; Fischer, C. N., and Murdock, D.: Industrial Illness Due to Tetryl, 
J. A. M. A. 119:1406-1409, (Aug. 22) 1942. 

4. The information given was supplied by James H. Glasson, chief, Safety Division, Pica- 
tinny Arsenal, Dover, N. J., in a personal communication to the author. 
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inspectors who have been with this installation during the 25-year period and from 
the medical officers in charge during the past 10 years. Since certain workers were 
transferred repeatedly from job to job, the number of persons exposed to tetryl 
at any one time was difficult to determine. There was a mean high of 17,643 
workers during June, 1942, and a low of 2,013 during July, 1947. Approximately 
23% of the workers were exposed to tetryl at any one time. During 1950 there 
was a mean of 4,448 workers employed, and 1,182 were exposed to tetryl. 

As a result of the present war footing, there is an increase in the number of 
workers being exposed to tetryl. It seems appropriate at this time to review the 
problem of tetryl toxicity. This paper will add to the literature a report of our 
experience with this explosive. We wish to emphasize that there has never been 
a case of constitutional poisoning due to tetryl at this plant. 


PROPERTIES OF TETRYL * 


The highly purified compound is colorless when freshly prepared, but it rapidly 
acquires a yellow color when exposed to light. As ordinarily manufactured, it 
has a pale lemon or buff color. It is odorless but causes a sharp burning sensation 
in the nasal mucosa. When crystallized from benzene it forms monoclinic prisms. 
Chemically pure tetryl has a melting point of 129.45 C., but the tetryl manufactured 
for military use may have a melting point as low as 128.75 C. It is very soluble in 
benzene, acetone, and ethylene dichloride, slightly soluble in ethanol, ether, carbon 
disulfide, carbon tetrachloride, and chloroform, and almost insoluble in water. 

An aqueous alkali reacts with tetryl to form a metallic picrate and nitrite, and 
methyl amine. Tetryl is completely decomposed into nonexplosive, water-soluble 
products by the action of sodium sulfite, and this reaction can be utilized for the 
disposal of waste material.. The decomposition is accomplished by adding the 
explosive to an aqueous solution containing 13% by weight of hydrated sodium 
sulfite. 

As an explosive, tetryl possesses a combination of characteristics which renders 
it suitable for use as a booster charge. It is much more sensitive to impact, friction, 
and initiation by lead azide or mercury fulminate than trinitrotoluene (TNT). 
It has a greater rate of detonation and is somewhat more powerful than TNT. This 
degree of sensitivity is not such as to necessitate packing or storing in a water-wet 
condition. It is only slightly hygroscopic and very stable, so that it withstands 
storage at ordinary temperatures for 20 years. 


MANUFACTURE 

The usual method of manufacture is that of the nitration and partial oxidation 
of dimethylaniline. In this procedure large vats are employed with acetone and 
benzol as solvents and sulfuric and nitric acid as reagents. The tetryl is crystallized 
from the solvent, with a loss of about 25% of the tetryl in the benzol. Workers 
are copiously exposed to all of the materials involved in the manufacturing and 
purification of tetryl and in the cleaning of the vats employed. Our records show 
that at these stages of handling there were more complaints from benzol than from 


all of the other materials combined. Acute benzol toxicity was seen in old workers 
as well as new. At this stage of production “tetryl poisoning” was no greater than 
during the periods of lesser exposure. 
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The Desseigne method, which utilizes dinitromethylaniline as an intermediate in 
the manufacture of tetryl, has been proposed.’ This method offers the advantage 
of no loss when the tetryl is crystallized from a solvent. The high cost of material 
has prevented wide use of this method. 

The powdered tetryl is then utilized per se or, more commonly, is combined 
with graphite or stearic acid and pressed into pellets. It is at this stage of manu- 
facture that most of the toxic reactions occur. The sealed or closed detonators or 
shells are then inspected and packed. At this stage the exposure is minimal, but a 
significant number of workers are adversely affected. 


TYPES OF TOXICITY: SYSTEMS THAT MAY BE AFFECTED 
EPIDERMIS 

Clinical Appearance.—Yetryl coming in contact with the skin and moisture 
causes a bright yellow discoloration. The surfaces which are exposed most are 
those commonly affected. Palms, face, neck, and hair may all be colored to such an 
extent that the term “canaries” has been applied to these workers. Blond hair often 
takes a reddish hue, and fair-skinned handlers assume the color more rapidly. 
Persons with oily skin or who perspire a great deal are most affected. There is no 
apparent seasonal prevalence. The coloring deepens with repeated exposure, and 
there is no preventive other than cleanliness and limiting the exposure. Fading 
begins soon after the subject is removed from contact but may not be complete 
for several months. 

Treatment consists primarily of preventive measures and informing the workers 
of the cause and effect of this condition, Protective creams afford little help and 
in some cases appear to cause more staining at points of irritation. Indicator 
soap containing a sulfite is utilized when washing. The skin is repeatedly washed 
until there is no pink color to the lather. The erroneous belief that this discoloration 
is due to massive absorption of tetryl rather than to a local surface reaction has 
often caused “powder poisoning” hysteria among the new workers. The older 
handlers make little of the coloring. Several weeks of exposure are required before 
the yellowing is evident, and therefore the coloring develops much later than the 
ore annoying dermatitis. There is no relationship between the skin discoloration 
and the other untoward reactions, except the common etiologic factor. 

Typical tetryl dermatitis presents the following clinical picture. As early: as 
the first week of exposure, itching of and around the eyes occurs. Rubbing of the 
atfected part is common, and hence irritation of the skin with erythema is often 
noted. Idema follows the initial stage and progresses as long as exposure persists. 
The eyelids occasionally show papules and terminally, if exposure is allowed to 
continue, exfoliation occurs. The progression of pruritus to erythema to edema is 
seen about the nasal folds, cheeks, and neck soon after the eyelids are affected. 
The hands usually do not show the untoward reaction, and the remainder of the 
body is rarely affected. The severest forms necessitate hospitalization of the 


5. Hill, A. G., and Klipstein, K. H.: Dinitromethylaniline as an Intermediate in the Manu- 
facture of Tetryl, Tr. Am. Inst. Chem. Eng. 42 No. 3 (June 25) 1946. Dinitrochlorobenzene 
monomethylaniline yields dinitromethylamiline + (chlorobenzene). 


Dinitromethylaniline + 
nitric acid yields tetry! 
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patients, and these patients show massive generalized edema, with partial obstruc- 
tion of the upper respiratory tract due to swelling of the tongue. The skin usually 
exfoliates after the severe edema subsides. 

The great majority of these reactions occur between the 10th and 20th days of 
exposure, but some have occurred after several months. The complex progresses 
from pruritus of the eyelid to papules and edema over a 48- to 72-hour period. 
There is a slight rise in incidence during the winter, and this is associated with 
irritation of the skin occasioned by the increased amount of clothing worn. With 
prevention of contact there is rapid abatement of the mild symptoms, and after 
3 to 10 days physical signs disappear. Hardening, described by Schwartz," has 
not been experienced by others.’ 

Experimental Investigation—The majority of authors classify tetryl dermatitis 
as a sensitization phenomenon rather than as a result of local irritation. Gell * 
cited the work done by Landsteiner and his associates on the sensitizing effect of 
the picryls. The picryl complex acts as a haptene and joins with a protein complex 
in the skin to form a sensitizing antigen. Gell exposed guinea pigs to tetryl by five 
different methods of administration: intradermal injection, application to scalded 
skin, subcutaneous implantation of capsules, skin inunction with a wool fat (lanolin) 
base, and smoke inhalation. Controls were used with exposure to the carrier 
materials. Mild sensitization followed intradermal injection; moderate, the sub- 
cutaneous implantation of capsules, and very slight sensitization, the imhalation 
technique. One of the animals sensitized by inhalation exhibited an anaphylactic 
death after being reexposed to tetryl dust. Tetryl applied to a burn or to skin by 
inunction did not cause sensitization. From 10 to 14 days were required for the 
animals to become reactive to the tetryl. Gell noted that tetryl was hydrolyzed to 
trinitrophenol (picric acid) and that the tetryl-treated animals were cross-sensitized 
to picryl chloride and 2,4,6-trinitrophenatol. Attempts to demonstrate an antibody 
in vitro failed. Brownlie and Cumming corroborated this work. Schwartz 
agrees that the dermatitis is due to sensitization. As stated above, man also requires 
10 to 14 days for sensitization. 

Treatment and Prognosis.—.As with all sensitization diseases, the primary treat- 
ment is removal from the causative agent. Protective creams containing sodium 
perborate or other neutralizing agents have been suggested.'’ Local treatment 
varies with the skin reaction. Calamine lotion U. S. P., without phenol, or calamine 


ointment N. F. has been universally popular. Greasy applications are generally 
contraindicated. 


As previously stated, tetryl is completely decomposed into nonsensitizing 
products by the action of sodium sulfite. Medicinal soft soap U.S. P. (green soap) 
containing a sulfite is standard for all tetryl-exposed workers. The breakdown 
compounds have a red color, and washing of the exposed parts is advised until 
the lather is colorless. Carelessness and haste among the handlers result in 


6. Schwartz, Louis: Dermatitis from Explosives, J. A. M. A. 125:186-190 (May) 1944. 

7. Fischer, C. N.. and Murdock, H. D.: Tetryl Exposure—Analysis of 4 Years Medical 
Experience with Tetryl, Indust. Med. 15:428-429 (July) 1946. 

8. Gell, P. G. H.: Sensitization to Tetryl, Brit. J. Exper. Path. 25:174-192 (Oct.) 1944. 

9. Brownlie, I. A., and Cumming, W. M.: Tetryl Dermatitis: Interaction of Aromatic 
Nitro-Compounds with Amino-Acids and Proteins, Biochem. J. 40:640-644, 1946. 

10. National Safety Council: Tetryl, Data Sheet No. D, Chem. 4:. 
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inadequate washing, and the tetryl then becomes dispersed over the body. It has 
been noticed that the great majority of persons who contract diffuse dermatitis are 
generally not cleanly. Intravenous sodium thiosulfate has been a suggested therapy, 
but the effect has not been gratifying. In the severe generalized edemas, epinephrine 
U.S. P. has been utilized as a nonspecific medicament with the usual aid. 

Expertence at Picatinny Arsenal——Table 1 shows the number of Picatinny 
Arsenal workers exposed to tetryl for the past 10 years and the incidence of derma- 
titis treated. The combined figures show that dermatitis developed in 6.05% of 
those exposed. 

Patients who were classified as having mild dermatitis had less than 2% of the 
skin surface involved, and no edema other than that of the eyelids. Those with 
moderate dermatitis had between 2 and 10% surface involvement but no generalized 
edema, All others were classified as having severe involvement. The basic procedure 
in the cases of mild involvement was to remove the handler from contact, advise 
meticulous cleanliness, and observe with no medication. If the skin lesions dis- 
appeared by the seventh day following removal of the worker, there was another 
cautious trial of exposure. If the dermatitis recurred, the worker was classified 


Tabie 1.—Tetryl Exposure at Picatinny Arsenal; Incidence of Dermatitis Treated 


Year Exposed Dermatitis 
1941... ; 2,710 5.0% 
1942.... 4,410 7.6% 
1943... 4,140 7.4% 


1944... 2,500 7.7% 


1945... 2 669 6.9% 
1946... ‘ 97 4.8% 
1947... ‘ wT 6.0% 
1948.... 5.1% 
1949... 767 5B% 
190). .... 1,182 4.2% 


as “‘tetryl sensitive” and further exposure prohibited. Persons showing moderate 
and severe involvement were classified as “tetryl sensitive” at the time of the first 
clinic visit. 

Of those workers returned to exposure, 32% continued to work without 
revisiting the clinic. It was noticed that some of those workers had a recurrence 
of the dermatitis but did not seek treatment, and therefore the figure 32% is not 
absolute as the incidence of recurrence. 

The basic procedure in the cases of moderate dermatitis was removal from 
exposure, thorough cleansing, and local application of calamine lotion U.S. P. In 
unselected cases additional therapy was given. In some of these cases the patients 
were purged with magnesium sulfate ; in others they were given sodium thiosulfate 
intravenously, and in others, diphenhydramine hydrochloride U. S. P. (benadryl® 
hydrochloride) or tripelennamine hydrochloride U. S. P. (pyribenzamine ® hydro- 
chloride) orally (100 mg. the first day and 50 mg. daily thereafter). None of the 
additional therapy was beneficial as compared with the basic procedure. 

The patients whose reactions were severe were given epinephrine injection 
U. S. P. subcutaneously at the discretion of the clinic physician and transferred 
to the hospital for further treatment. One of the severe reactions occurred in a 
worker who had been removed from exposure because of mild dermatitis; during 
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the interval he became inebriated and the dermatitis already present “blew-up.” 
Several reactions recurred in tetryl-sensitive workers who had walked beside 
buildings containing tetryl. One severe recurrence developed when a sensitized 
employee began work in a building which had been used for tetryl pressing and 
blending six years previously; no tetryl had been present in that building during 
the five years preceding recurrence. A significant number of recurrences were 
noted in sensitized workers who sat next to tetryl handlers when riding to and 
from work. Guards who were known to be tetryl sensitive sutfered lesions of the 
skin when they patrolled the buildings containing tetryl. In all of the above cases 
the dermatitis rapidly improved when the patient avoided tetryl contact. 


RESPIRATORY TRACT 


The sharp acrid effect exerted on the mucosa of the respiratory tract by tetryl 
dust causes one of the most annoying untoward reactions."' Burning, itching, 
sneezing, and coryza are the usual findings. The symptoms are variously localized 
from the nares to the bronchi or, erroneously, the lungs. These symptoms may 
begin the first day of exposure or as late as the third month. The reactions occur 
primarily in the presence of powdered tetryl and only rarely with the pellet form. 
If the patient is removed from the dust, abatement of the nasal symptoms follows 
within 48 hours. The bronchial complaints continue for 6 to 10 days after cessation 
of exposure. Reexposure causes recurrence of the symptoms in a small group 
of cases. 

The itching, burning, sneezing, and coryza are associated with almost continual 
rubbing of the nose. This irritation is frequently followed by nosebleeds. Kiessel- 
bach’s area is the usual source of the epistaxis. Pressure alone or aided with 
epinephrine is the basic therapy. Occasionally the bleeding point may have to be 
cauterized with toughened silver nitrate N. F. Recurrence of the hemorrhage 
follows repeated trauma to the area. None of the observers report evidence of a 
generalized bleeding tendency from tetryl exposure. 

The “dry throat” and cough rarely cause the worker to report to the clinic. 
These are usually accepted as symptoms of a common cold and treated as such. 
They are only oceasionally associated with the nasal symptoms. 

Hatch and Probst ''* and Probst, Mund, and Lewis" discuss the subject of 
lung disease due to tetryl and emphasize the temporary nature of the symptoms. 
A dry deep cough develops in almost every worker exposed to large amounts of 
dust. After several weeks the cough becomes productive of thin mucoid sputum 
which gradually becomes profuse. Hemoptysis is rarely seen. Removal from the 
dust causes the symptoms to regress over a period of two to four weeks. Tele- 
roentgenograms of the chest reveal no pulmonary lesions. Hatch and Probst '™* 
screened 4,000 exposed workers and found no evidence of lung disease. This study 
included handlers who had been exposed to heavy dust for over a decade, and was 
based primarily on roentgenologic findings. These authors emphasized the fact 
that the great majority of tetryl particles are larger than 10 », which is the maximum 
diameter of particles which can pass into the alveolar ducts to cause parenchymal 
disease. 


11. (a) Hatch, H. S., and Probst, FE. W.: Effects of Tetryl on the Lungs, Indust. Med. 
14:189-190 (March) 1945. (hb) Probst, E. W.: Mund, M. H., and Lewis, L. D.: Effects of 
Tetryl, J. A. M. A. 126:424-427 (Oct. 14) 1944. (c) Eddy.' (d) Witkowski and others.3 
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As does the yellowing of the skin, the productive cough causes episodes of 
hysteria among the workers. The plant gossip and stories of lung. disease due to 
tetryl bring these handlers to the clinic in groups over a short period of time. 
Only after a general check-up including roentgenograms does the average handler 
accept the reassurance that he has no tetryl poisoning. 

Those workers known to have lung disease are not exposed to tetryl. Arrested 
tuberculosis, fungus infection, bronchiectasis, pneumoconioses, asthma, and a history 
of repeated respiratory infections are conditions which disqualify the worker for 
tetryl handling. Those silicotic workers who were employed before chest-film 
clearance was routine experienced the most trouble. Even several years after such 
a worker had been removed from exposure, during which time the worker was not 
ill, any subsequent lung difficulty was attributed to the tetryl. The tetryl exposure 
did not appear to increase the progressiveness of the silicosis. 


GASTROINTESTINAL SYSTEM 

Nausea and vomiting were uncommon, and cramps and diarrhea rare, among 
workers at this plant. All of the symptoms were transitory and were noted during 
the first or second day of exposure. As a general rule, sickness occurred when 
the stomach was empty. Noro '* stressed the taking of milk at frequent intervals as 
a means of reducing gastrointestinal symptoms. This practice was followed iiere 
during the years 1941 to 1943 and was quite satisfactory. From 1943 until the 
present time we have urged the workers to have a midmorning and midafternoon 
snack, and the incidence of this illness has been negligible. In none of our cases was 
there evidence of hematemesis or melena. Preemployment physical examinations 
prevented employees with histories of peptic ulcers or colitis from being exposed. 
Therefore, we have no study on the effect of tetryl on these conditions. Patients 
brought to the clinic with nausea or vomiting were given a mixture of aluminum 
hydroxide gel and belladonna tincture U. S. P.'** Patients with cramps or diarrhea 
were treated with a mixture of bismuth subcarbonate, kaolin, and belladonna. All! 
patients were allowed to return to work the following day. Recurrence of symptoms 
was rare. 

NERVOUS SYSTEM 

Irritability, easy fatigability, general malaise, headache, lassitude, and sleepless- 
ness have been reported as due to tetryl.’ No neurological signs have been 
described, and there have been no permanent neurological lesions. At this plant true 
neurological symptoms associated with tetryl handling were not observed. 

Probst and associates "” stressed the significant psychological effect seen in 
these workers. This has been one of the chief problems, owing to the fact that the 
vague widespread complaints and stories of “powder poisoning” occurred in epi- 
demic patterns. Workers seated next to the initial patient soon came to the clinic 


12. Noro, L.: Untersuchungen tuber die Trotyl-, Tetryl- und Knallquecksilbergiftungen bei 
den Arbeitern der Munitionsfabriken Finnlands, Acta med. scandinav., Supp. 120, pp. 1-95, 1941. 
12a. The remedies used were as follows: 


ReViadona tincture U. S. 

and 

Belladona tincture U. S. P. okies 0.3 cc. 

Kaolin N. F ...0.65 gm. 

Dilute peppermint water 005 . .4.00 cc. 
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when the initial patient alleged that she had become poisoned. Rumors of deaths 
due to tetryl exposure cropped up intermittently, and soon there would be a deluge 
of psychoneurotics visiting the plant physicians. Thorough investigation by the 
Safety Office and Compensation Section failed to elicit evidence that any case of 
death was associated with tetryl exposure. When general plant conditions, such as 
heating, lighting, and ventilation, were improved, the epidemic subsided. Correction 
of the “rumorgrams” and reassurance of the patients caused the symptoms to 
disappear in rapid order. 


HEMATOPOIETIC SYSTEM 


No abnormalities of the blood-producing organs have been noted, but several 
authors '* have observed anemias among tetryl workers. These anemias were of the 
marrow-depression or the deficiency type, with one case of hemolytic disease. No 
deaths have been reported due to this abnormality. Generalized hemorrhagic tend- 
encies have not been observed, and only menstrual changes have been described. 
Murray, Prunster, and Anderson '* specifically reported that there had been no 
effect on the menses. 

At the Picatinny Arsenal there have been no cases of blood disease occurring in 
workers exposed to tetryl alone. Those cases of hemolytic disease or of marrow- 
depression anemia seen concerned workers who were also exposed to known mar- 
row depressants or erythrocyte hemolysins such as TNT or lead. Other than the 
previously described epistaxis, no hemorrhagic tendencies have been noted among 
our workers. 

CIRCULATORY SYSTEM 

Noro** and Brabham noted asymptomatic hypotension in tetryl workers. 
Other abnormalities of the cardiovascular system have not been seen. At this instal- 
lation there have been no significant cases similar to those referred to above. 
Actually more office desk workers appeared in the Clinic with hypotension than 
workers from the production lines. 


QUESTION OF SYSTEMIC POISONING 

Witkowski and associates * reported 1,258 cases of poisoning due to tetryl. 
Dermatitis was the only disease in 75% of the cases, with three patients requiring 
hospitalization. There were no deaths in this series. These authors suspected that the 
liver and the kidneys may be affected by tetryl, and work on this was to be sub- 
sequently published. Fischer and Murdock * reported 3,807 cases of dermatitis and 
found no evidence of systemic disease. Noro’? grouped tetryl with TNT and 
reported anemia from tetryl but no deaths. Andersen and associates '*® described 
cases of hemolytic anemia and liver degeneration possibly due to tetryl. Troup * 
reported jaundice occurring in two tetryl workers, one of whom was exposed, in 


13. (a) Brabham, V. W.: Tetryl Illness in Munitions Plants, J. South Carolina M. A. 
39:93-95 (April) 1943. (b) Andersen, A. H.; Funder, J. B.; Halstrém, F., and Meyer, A. R.: 
Untersuchungen tiber die Giftigkeit des Tetryls, Acta med. scandinav. 110:548-557, 1942. 
(c) Witkowski and others.* (d) National Safety Council..° (¢) Noro.’? 

14. Murray, H. M. L.; Prunster, R. W., and Anderson, R. D.: The Incidence of Tetryl 
Dermatitis or “C. E.” Rash: A Review of Investigations Carried Out in Australian Fuse-Filling 
Factories, M. J. Australia 1:104-106 (Feb. 5) 1944. 

15. Troup, H. B.: Clinical Effects of Tetryl (CE Powder), Brit. J. Ind. Med. 3:20-23 
(Jan.) 1949. 
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addition, to a known hepatotoxin. Silver,'® in referring to tetryl, stated, “Author- 
ities are agreed, that, unlike TNT constitutional symptoms are practically never 
encountered.” Hardy and Maloof ** reported six cases of systemic disease possibly 
due to tetryl; all of the patients were exposed to massive amounts of the explosive, 
and disease was manifested only after six or more months following the last 
exposure. 

At the Picatinny Arsenal there has never been a case of suspected constitu- 
tional poisoning due to tetryl. At this plant during the past 10 years the Industrial 
Health Program kept exposure to a minimum and preemployment medical exami- 
nations prevented ill or susceptible workers from handling tetryl. Even though 
these workers did not receive the exposure mentioned by Hardy and Maloof,’’ it 
was as great as will be found in the majority of munition plants today. Under the 
conditions at this arsenal, tetryl is not considered a constitutional poison. 

Wells '* subcutaneously injected into dogs and rabbits large doses of tetryl. 
Attempts to give large amounts by mouth failed, as the animals vomited soon after 
the stomachs were filled. Those subjects that died succumbed to causes unknown. 
Of the animals killed, some showed inflammation at the site of injection, swelling 
and degeneration of the renal tubules and glomeruli, and occasional edema of the 
lungs. Some of the dogs had necrosis and fatty changes of the liver. The spleen 
was essentially normal in all of the specimens. 


INDUSTRIAL HYGIENE 


Preemployment Physical Examination.—In a munitions plant, preemployment 
physical examinations are of great value as a means of reducing the number of 
instances of tetryl poisoning. Those persons having defects of the systems which 
may be adversely affected by tetryl are prevented from handling that compound. 
Handlers with histories of allergic diseases, especially illnesses manifested by skin 
lesions, are the poorest risks. Approximately 50% of the patients exhibiting cuta- 
neous sensitization had a positive history of allergy. The preemployment examina- 
tion should definitely include questioning on this subject, and persons with such 
histories should be designated as poor tetry! risks. We also prevent persons with a 
history of chronic skin disease from being exposed. 

Table 2 lists those conditions detected either by history, physical examination, 
x-ray films, or laboratory tests which disqualify a handler for tetryl work. 

We believe that our low incidence of dermatitis is primarily due to the selective 
preemployment classification. 

Limiting Exposure.—As a general safety measure, the workers are repeatedly 
cautioned to keep exposure to tetryl at a minimum. In view of the report of Hardy 
and Maloof ** this precaution may be extremely important in preventing systemic 
disease. Where indicated, masks are worn, and all workers wear protective over- 
clothing. On the pellet lines, as well as in the mixing and blending rooms, all 


16. Silver, A. L. L.: The Treatment and Prevention of Industrial Disease in Filling Fac- 
tories, J]. Roy. Army M. Corps. 71:87-96 (Aug.) 1938. 
Hardy, H. L., and Maloof, C. C.: Evidence of Systemic Effect of Tetryl, Arch. Indust. 
Hyg. (May) 1950. 
8. Wells, H.G.: Toxicity of Tetranitromethylaniline (Tetryl), Tetranitrolylene (T.N. X.), 


Tetranitraniline (T.N.A.), Dinitrodichlorobenzene (Parazol), and Metanitraniline, J. Indust. 
Hyg. 2:247-252 ( Nov.) 1920 
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handling is done behind glassed barricades. No gloves or protective creams are 
utilized. Workers are instructed to wash thoroughly with indicator soap before 
using the lavatory, eating, or going home. Handlers are provided with change 
houses and are instructed to take a shower after the day’s work. The yellow dis- 
coloration is evident on the hands of the pellet handlers but on no other part of the 
body. The surfaces on which the pellets are handled are hard and have a smooth 
finish. The excess tetryl is repeatedly wiped away by each operator or is removed 
by exhaust vents utilizing water traps to catch the excess tetryl. 


Exposure vs. V entilation—In those areas where large quantities of tetryl dust 
are prone to accumulate, adequate ventilation is mandatory. Over-all room ven- 
tilation is not very effective as a means of removing dust. Exhaust vents adjacent 
to the operation have been effective and are used in the mixing rooms and at the 
pellet-cutting tables. Operations which cause large amounts of dust are carried out 
at intervals during the day so that the handlers are not exposed over long periods. 
Respirators with masks are supplied to be worn in the presence of large quantities 
of the dust, but most of these handlers are reluctant to wear the apparatus. 


TABLE 2.—Conditions Regarded as Disqualifying for Tetryl Handling 


Fungus infections 
Bronchiectasis 
Pneumoconiosis 


Asthma 
Gastrointestinal Peptic ulcer 
Colitis 
Chronic skin disease 


Recurrent hives 
Serum sensitivity 
Drug sensitivity 
Severe food allergies 


Air samples are taken in the vicinity of new operations and in areas suspected 


of having excess dust. The tetryl is collected in a 1: 100 solution of sulfuric acid 
by means of a M. S. A. midget impinger. The maximum allowable concentration 
is 1.5 mg. per cubic meter.* In those areas where the concentration is greater than 
the allowable maximum, the ventilation system is altered to correct the situation. 


Utilization of Affected Personnel.—There is no problem in utilizing the tetryl- 
sensitive handlers. There have been no cases of cross-sensitization with other 
explosives. In view of Gell’s * work we do not advise that tetryl-sensitized persons 
be exposed to picryls. Unless there is some physical defect which would contrain- 
dicate exposure to trinitrotoluene (TNT), dinitrotoluene (DNT), nitroglycerin 
(NG), black powder (a mixture of potassium nitrate, sulfur, and carbon), or 


Harrasite '* the tetryl-sensitized worker is allowed to work with these compounds. 
We have experienced some powder neurosis in this group, but no other disease. 
As stated above, handlers with respiratory or gastrointestinal symptoms are usually 
able to resume work with tetryl after having been removed from exposure for 
several days. 


18. Harrasite is the name of a product, the formula of which is secret, named after Colonel 
J. P. Harris, Commanding Officer, Picatinny Arsenal, 


; 
or 
. 
ve 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


SUMMARY 


the history, the properties, and the manufacture of tetryl are briefly reviewed. 
The sum of 10 years’ experience with this explosive in relation to the toxic reac- 
tions is presented. It is most worthy of noting that during this period no case of 
suspected constitutional poisoning due to tetryl was encountered. The most 
troublesome reaction was the skin-sensitization phenomenon. Epidermal discolora- 


tion and effects on the respiratory tract and the gastrointestinal system are dis- 
cussed, and a method of handling the patients is presented. The importance of 
recognizing psychoneurosis in tetryl workers is noted. No neurological, hema- 
topoietic, or cardiovascular symptoms were observed. The hygenic problems 
associated with tetryl handling are reviewed, and the importance of examining 
workers before work and limiting exposure is stressed. 
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EXHAUST VENTILATION FOR MACHINE TOOLS USED ON 
MATERIALS OF HIGH TOXICITY 


H. F. SCHULTE, MS. 


E. C. HYATT, BS. 
and 


F. S$. SMITH Jr., B.S. 
LOS ALAMOS, N. MEX. 


HE HIGH or unknown toxicity of metals used in the Atomic Energy Com- 

mission Program has made it necessary to apply exhaust ventilation and 
enclosure to many machining operations. In the past the materials used in the 
machine shop have been largely those of low toxicity and machining operations have 
not produced the high concentrations of metal dust and fumes necessary to cause a 
hazard. An exception is cast iron machining with its production of nuisance dust. 
Exhaust ventilation for the control of this material has recently been described.t 
Exhaust ventilation has also been used for the control of oil mist from certain 
machining operations. However, in recent years a number of less familiar metals are 
being machined, and some of these have a relatively high order of toxicity and thus 
a low maximum permissible concentration in air. For this and other reasons, it has 
been necessary to apply ventilation and, in some cases, enclosure of these operations. 
Descriptions of some of these hoods have appeared in the project literature and 
elsewhere.* 

In designing hoods for this purpose the engineer must take into account a 
number of factors—some old and some new. 

1. The order of toxicity of the metal to be machined is naturally the most import- 
ant factor. The term “toxicity” as used here includes any effects of the radioactivity 
of the metal, as this is an aspect of its toxic effect. The maximum permissible 
concentrations are not based on lengthy experience as in the case of some other 
substances. However, tentative approximate figures are being used and are shown 
in Table 1. 

The first three metals of Table 1 have the same maximum permissible concentra- 
tion in terms of radioactivity but considerably different permissible concentrations in 
terms of micrograms per cubic meter of air. Data are also needed on such rare 


This document is based on work performed at the Los Alamos Scientific Laboratory under 
the auspices of the Atomic Energy Commission. 

1. Kane, J. M.: Scrapbook of Exhaust Hood Design, Heat. & Vent. 47:86-87 (Sept.) 1950. 

2. Gold, S. S.: Hooded Machines Run Toxic and Radioactive Jobs, Am. Machinist, Feb. 19, 
1951, pp. 133-135. Bohlin, N. G., and Gold, S. S.: Machine Tool Hoods, ANL-4418, March 1, 
1950 (unclassified). Taub, J. N.: The Design of Special Hoods for Machine Tools, AECD-3048, 
Aug. 20, 1948 (declassified). Pinto, N. P.: Control of Atmospheric Beryllium, Metal Prog. 
March, 1950, pp. 345-349. Baumann, W. H.: A Practical Control Program of Health Hazards 
in a Metallurgical Research Laboratory, Indust. Hyg. Quart. 10:143-153 (Sept.) 1950. 
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earth metals as cerium and lanthanum and on tool metals such as tungsten (wol- 
fram), tantalum, columbium (niobium), and others. In fact, there are few metals 
in the periodic table which have not been handled in the Los Alamos machine shops. 
Some metals, such as lithium, are even more dangerous from the standpoint of fire 
than from that of health. 


2. The intrinsic value of the substances machined may require design such that 


even the smallest chips and turnings can be recovered. Screens and settling boxes 
for coolants are quite essential. 


3. The pyrophoric nature of some of these materials, especially uranium, requires 
an adequate supply of coolant inside the hood. Wherever possible, the hood is 
designed to maintain a layer of water standing inside to quench chips. 


4. Other physical properties of the materials also affect the design. The high 
density of some materials means that relatively small particles have considerable 
inertia, making them difficult to collect. Such particles also tend to settle out in 
ducts. The quantity of dust and fume generated is partly determined by the char- 
acter of the oxide formed—whether it is adherent or loose. 


TABLE 1.--Approximate Maximum Permissible Atmospheric Concentrations 
of Metals Used at Los Alamos 


ug/Cu. M ue/Cu. M, 
“Natural” uranium............. 3¥ ws 
Enriched uranium................. 0.2-1.0 3x 10°5 
Beryllium 
Thallium 
Lead.. 


5. The type of machine to be hooded and the operation to be performed obviously 
control the hood design. While it is desirable to have as much enclosure as possible, 
visibility, flexibility, and ease of manipulation are extremely important. Clear plastic 
is used as a construction material to provide visibility. Wherever ‘possible, all 
machine controls are kept outside the hood for ease of operation and for protection 
against contamination. If the hood interferes with the machinist’s work, it will not 
be used properly, and high atmospheric concentrations will result. 


6. The depth of cut, the rate of tool travel, and the speed of turning will greatly 


affect the size and shape of hood required, or may even determine whether any hood 
is needed. Even the type of coolant employed affects the rate at which materials 
escape into the air. 


7. The size and shape of the pieces to be machined naturally regulate the size and 
shape of the hood. In most cases, it is necessary to provide great diversity in such 


factors. 


8. Decontamination of the hood must be made as easy as possible, and for this 
reason stainless steel is used for the metal parts of the hood. It is useful to compare 
the design of this equipment with that required on modern food-handling equipment. 

Hoods incorporating most of these considerations are illustrated in the accom- 
panying photographs. These hoods have been modified continually to improve their 
collecting ability and it is not suggested that they represent the ultimate in design. 
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The analysis of air samples collected in the breathing zone and in the general room 
air has been the standard against which hood performance has been measured. The 
hoods shown have been capable of maintaining atmospheric concentrations below 
the maximum permissible levels when used properly. 


TYPES OF HOODS 
Lathe Hood (Fig. 1).—The two lathes shown in Figure 1 are used to machine 
enriched uranium; construction is of plastic and stainless steel. The hooded lathe 
in the foreground has an average face velocity, when the door is open, of 280 it. 
(85 meters) per minute (fpm and mpm). When the lathe is making green or 


Fig. 1.—Lathe hood. 


heavy cuts on new pieces, the hood door is kept closed. It is often necessary to 
open the hood when machining to close tolerance and when wet polishing is done. 
The air velocity is such that these operations can be done safely. The box located 
in the exhaust duct above the machine is a chip trap. The duct velocity is so high 
that chips of metal are occasionally caught and sucked into the exhaust duct. 

Milling Machine Hood (Fig. 2).—This milling machine hood has proved to be 
one of the more satisfactory types of machine exhaust hoods in use at Los Alamos. 
The operation of the hood shown, with the section of the door open, represents the 
correct manner in which the hood should be used. Under these conditions a face 
velocity of 275 fpm (approx. 84 mpm) is obtained. The entire cover is hinged and it 
is possible to lift it and prop it open. This permits accessibility for setting up, 
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Fig. 2.—Milling machine hood 


Fig. 3.—Index mill hood. 
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adjusting tools, and other procedures. The six small holes shown on the front of 
the hood make it possible to draw air through the hood when the door is closed. 


Index Mill Hood (¥ig. 3).—This hood was designed in such a way that there 
would be a large degree of flexibility for the tool head. The nature of the operation 
is such that only a small amount of dust is generated when drilling pieces, and it is 
thrown off with comparatively little force. The hood is usually operated with half 
of the front open, giving a face velocity of 200 fpm (approx. 61 mpm). The 
opening on top of this hood, which allows freedom of movement for the tool head, 
has an average face velocity of 300 fpm (approx. 91.5 mpm). 

Shaper Hood (ig. 4).-The shaper ejects material with considerable velocity, 
and this hood was designed primarily to prevent loss of material and contamination 
in the workroom, although it also maintains low concentrations of metal in the air. 
The many doors shown were necessary in order to permit the machinist to make a 
variety of adjustments while operating the shaper. 

Power Hack Saw (Fig. 5).—The primary functions of the enclosure shown are 
to reiain in a small area the dust generated and to permit the 8-in. (20-cm.) duct, 
shown at the top, to exhaust adequately the dust generated during sawing. There 
may be better ways to exhaust such a saw, but this unit has proved satisfactory in 
controlling air-borne contamination. 


Handwork Hood (Fig. 6).—This simple hood makes it possible to perform many 
types of handwork, such as filing, sanding, and cleaning of small pieces, without 
contaminating the workroom air. The face velocity is 385 fpm (117 mpm). 

Break Press Hood ( Fig. 7).—Pieces of enriched uranium that are to be remelted 
are broken in this press for loading into the furnace. The breaking unit itself is 
actually enclosed in a small exhausted metal box inside the large exhaust hood 
enclosing the entire machine. When the door on the small box is open, there is 
a face velocity of 500 fpm (152 mpm) to prevent the escape of dust. The face 
velocity of 550 fpm (167.5 mpm) for the large opening is produced by the air 
exhausted through both the small box and the larger hood. 

Lathe Hood (ig. 8).—This lathe is used to machine beryllium parts. The hood 
completely encloses the lathe working area and, in addition, a 3-in. (7.5-cm.) duct 
extends to a point adjacent to the cutting tool to capture the dust at its source of 
generation. This exhaust duct is visible through the upper open ports. It has a 
screen over the end to prevent large chips from entering the duct. The chuck itself is 
enclosed to prevent dispersion of dust which may move into its sphere of influence. 
To operate efficiently, at least the upper part of the large door must be closed. The 
commonest way of operating this hood is shown in Figure 8 (lower photograph). 
Under this condition, there is a face velocity of 250 fpm (77 mpm). 

Grinder Hood (¥ig. 9).—This surface grinder is used for beryllium metal. It 
is necessary to use a small exhaust duct, shown on the right, to permit an airtight 
sliding fit to accommodate the moving bed. A baffle stops the heavier dust thrown 
off by the grinder, and a velocity of 300-500 fpm (91.5-152 mpm) through the 
openings in the hood adequately exhausts it. 

The volume of air in cubic feet per minute (cfm) drawn through these hoods 
varies somewhat with the number and the size of openings required for specific jobs. 
Data on this point, for the hoods as normally used, are shown in Table 2. 


i 

t 
| — 

hy 
i a 
4 

q 


SCHULTE ET AL—EXHAUSI VENTILATION-MACHINE TOOLS 27 


Fig. 7—Break press hood. 


Fig. 6—Handwork hood. 
x 


big. 8 
photograph 


Lathe hood (upper photograph) and most common w ay of operating the hood (lower 


Fig. 9—Grinder hood. 
28 
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With these operating conditions it has been possible to maintain air concentra- 
tions as shown in Table 3. 

The figures given for general air samples represent data taken in the workroom 
during the entire workday and are averages of a very large number of samples in 
most cases. The breathing zone samples were taken at intervals. 

> 


Taare 2.—I/entilation of Machines 


Maximum Working Opening 


Principal Vol. of Air, \rea, Face Velocity, 
Machine Metal Machined Cim (Cu. M. Min.) Sq. Ft. (Sq. ML) Fpm (Mpm) 
Lathe Enriched uranium 1.8 (0.167) 280 (85.3) 
Milling machine Enriched uranium 300) (119) 1.4 (0.133) 275 (83.8) 
Index mill Enriched uranium $30 (100.5) 1.7 (0.158) 10-225 (45.7-68.5) 
Shaper Enriched uranium 40 (164.5) (0.200) 200 (61) 
Power haek saw Enriched uranium C183) 
Handwork hood Enriched uraniun wood 1.3 (0,120) 385 (117.3) 
Break press Enriched uranium 1200) (3¢ 0.204 50) (167.6) 
Lathe Beryllium OO-250 (61-76) 282) 100-270 (30.5-82.3) 
(rrinder Beryllium Variable Variable 300-500) (915-152) 
3.—Air Concentrations During Machining Operations 
\verage Cone., Cu. M j 
Breathing General 
Machine Principal Metal Zone Air 
Lathe ‘ue Fariehed uraniua O10 0.23 
Milling machine Enriched uraniin 0.35 0.23 
Index mill Eniieched cranium 0.16 0.23 3 
Powgr hack saw bined 6.23 3 
Break press ‘ i 0.18 \ 
Grinder....... bery!iun 0.33 O15 
With careful precleaning of castings, regulation of machining rates, and use oi : 
adequate coolant, it has been possible to machine normal uranium without hoods. 5 
However, plans are being made to provide nonenclosing type hoods on some machines $ : 
where pieces of unusual size or shape must be machined, or where higher machine : 
rates must be employed. Wherever possible, machining of other metals of unknown H 
toxicity is carried out on hooded equipment. 
Los Alamos Scientific Laboratory we 
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FURTHER INVESTIGATIONS ON CHRONIC CADMIUM POISONING 
A Study on Rabbits with Radioactive Cadmium 


LARS FRIBERG, M.D. 
STOCKHOLM, SWEDEN 


N PREVIOUS works * an account has been given of the clinical picture in cases 

of chronic cadmium poisoning of man. One of the symptoms was proteinuria. 
The protein consisted not of ordinary albumin but of a low-molecular protein com- 
ponent of such an order of magnitude that it could be excreted through healthy 
kidneys. 

\s a stage in a closer investigation of chronic cadmium poisoning and par- 
ticularly of this peculiar proteinuria, I have, with the aid of radioactive cadmium, 
studied the urinary concentration of cadmium and the organic distribution of 
cadmium in chronically poisoned rabbits. In this connection special attention has 
been devoted to the possibility that the cadmium might be excreted in the urine in 
a form bound to the protein component. The distribution of cadmium in the 
organism has been sttidied by means of ordinary measurements of the radioactivity 
and with radioautographs. 


EXPERIMENTAL PROCEDURE 


The preparation used was cadmium sulfate containing the radioactive isotope Cd!!>5 with a 
half-life of 43 days. The only contaminant worth mentioning was the isomer of Cd'5 with a 
half-life of 64 hours, which at the start of the experiment, however, had diminished in activity, so 
that from the practical point of view it was negligible. When the experiment was begun the 
strength of the preparation was about 0.15 mc. per gram of cadmium. 


A water solution of cadmium sulfate was injected subcutaneously into rabbits daily in a dose 
corresponding to 0.65 mg. of metallic cadmium per kilogram of body weight (1 ml. of solution 
corresponded to 1.3 mg. of metallic Cd). This dose was of such an order of magnitude that the 
appearance of proteinuria was to be expected in the rabbits after one to two months’ experiment- 
ing (Friberg 


The radioactivity was measured with a Geiger-Muller tube by the Tracer Laboratories (Type 
TGC 2; window thickness, 1.51 mg. per square centimeter ; window diameter, 28 mm.). The tube 
was connected with an impulse counter (Type LKB 5021). The operating voltage was chosen 
in the middle of the plateau in order to avoid as far as possible changes in count due to slight 
fluctuations of voltage. A total of at least 500 impulses was always counted, and never more than 3 


From the Industrial Hygiene Department, National Institute of Public Health. 

1. Friberg, L.: (a) Proteinuria and Kidney Injury Among Workmen Exposed to 
Cadmium and Nickel Dust, J. Indust. Hyg. & Toxicol. 30:32, 1948; (b) Injuries Following 
Continued Administration of Cadmium: Preliminary Report of Clinical and Experimental Study, Y 
Arch. Indust. Hyg. 1:458, 1950; (c) Health Hazards in the Manufacture of Alkaline Accumu- ad 
lators with Special Reference to Chronic Cadmium Poisoning, Acta med. scandinav., 1950, Vol. 
138, Supp. 240. 

2. The preparation used was supplied by the Atomic Energy Research Establishment, 
Harwell, England. 
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10,000 impulses per minute. The impulse figures were corrected in the usual way for background 
reading. In order to calculate the absolute amount of cadmium in the sample examined, com- 
parisons were made with standard specimens. 

The radioautographs * were made with the method described by Odeblad (see appendix). 

Three milliliters of urine 4 was evaporated in a thermostat in an aluminum bowl with an 
inner diameter of 23 mm. The bow! was then placed directly under the Geiger-Miiller tube. The 
animals were killed by bleeding, and the organs were dried in a thermostat and exsiccator, after 
which the dry weight was determined. After pulverization and renewed drying, about 100 mg. 
was weighed out with great accuracy and distributed evenly in aluminum bowls of the above- 
mentioned type. The powder was fixed with a couple of drops of collodium. In connection with 
the killing of the animals, examinations were made to determine the cadmium content in 1 ml. of 
whole blood and 1 ml. of plasma. The method of preparation was the same as for urine. 

In order to calculate the absolute amount of cadmium in the samples examined, com- 
parisons were made with standard specimens. The urine standard was obtained by adding 
to a known amount of nonradioactive rabbit urine a known amount of the radioactive cadmium 
sulfate, after which the urine was prepared in the manner described above. Standards for whole 
blood and plasma were prepared in principle in the same way. The standard for the organs was 
obtained by adding to a weighed quantity of a mixture of various dried organs a known amount 
of the cadmium sulfate. After careful mixing different amounts varying between 20 and 110 mg. 
were dried and weighed in aluminum bowls. 

In those cases in which examinations for urinary protein were carried out, this was done by 
precipitation tests with 25% nitric acid (Heller's test) and by precipitation tests with 25% 
trichloroacetic acid. 


CONCENTRATION OF EXCRETED CADMIUM IN THE URINE 

The investigation was carried out on four healthy male rabbits. With these 
the cadmium content of the urine was regularly determined, and tests for urinary 
protein were carried out at the same time. 

The rabbits were given subcutaneous injections (0.65 mg. of Cd per kilogram 
of body weight) of cadmium sulfate containing the radioactive isotope Cd'*, The 
injections were made on six days per week for 10 weeks. 

The results of the examinations of urine samples emerge from Figure 1. The 
renal excretion of cadmium during the first weeks of the experiment was relatively 
low. During this time it was not possible to observe any marked increase of the 
cadmium content of the urine, which is remarkable when one considers the large 
amounts of cadmium that were injected daily. Later, however, the cadmium content 
of the urine rose strikingly, and in some cases reached 50 to 100 times the average 
amount found during the first weeks of the experiment. There was no significant 
difference as regards the amounts of urine during the first and the second half of 
the experiment. 

As was pointed out in the introduction, it was assumed that cadmium conceiv- 
ably might be excreted bound to protein. This hypothesis seems to find a certain 
support in the circumstance that an obvious connection was shown between the 
occurrence of urine protein and a high cadmium content of the urine (Fig. 1), for 
during the first weeks of the experiment, when it was not possible to show that 
protein was present in the urine, the excretion of cadmium was relatively low. 


3. The radioautographs were made by Dr. Erik Odeblad, The Women’s Clinic, Sabbatsberg 
Hospital, Stockholm. 

4. In order to obtain suitable urine samples for the determination of the cadmium content, 
a so-called metabolic cage was used, with the help of which it was possible to collect the urine 
without admixture of feces. 
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Later, when protein occurred almost constantly, however, the cadmium content 
was high, and in spite of the fact that with the method used it was possible only 
to estimate the amounts of protein, one notes a clear connection between the con- 
centration of cadmium in the urine and the quantitative estimation of the amount 
of protein.® 

In a further attempt to show that cadmium was excreted in a form bound to 
the protein, certain dialytic experiments were carried out on urine, with the notion 
that if this were the case cadmium would not be dialyzable. Altogether six samples 
of urine from rabbits which on the occasion of the examination had proteimuria 
were examined. Double determinations were performed on three of the urine 
samples. After filtration, all the samples were dialyzed for about 24 hours against 
isotonic sodium chloride solution. The results showed that in four samples the 
nondialyzable amount of cadmium was about 40% ; in one sample, about 20%, 
while in one sample practically all the cadmium was dialyzed away. There was 
good agreement between the double determinations. Thus the results are not 
unequivocable, but they do nevertheless support the assumption that the cadmium 
excreted in the urine may be partly bound to the protein component. It is my 
intention later to make methodical dialytic studies of urine under special conditions, 
such as different pH, as it is conceivable that under certain circumstances the 
cadmium-protein compound may be disintegrated relatively soon after it is excreted 
into the urine. 


DISTRIBUTION OF CADMIUM IN) DIFFERENT ORGANS 

For the determination of the cadmium content of different organs two groups 

| animals were used: 

The already mentioned experimental group of four rabbits. These animals were 

given altogether about 40 mg. of radioac:ive cadmium per kilogram of body 

weight per animal, and they were killed about one week after the conclusion 
of the injection period. 

A further group of four healthy male rabbits. The animals were given the same 

dose of cadmium sulfate, but only for four weeks. They thus received about 

15 mg. of radioactive cadmium per kilogram of body weight per animal. They 

were killed a couple of days after the conclusion of the experiment. 

The analyses of the organs (Table 1) show that it was possible to demonstrate 
the presence of cadmium in all the organs examined and that a large amount of 
cadmium had been accumulated in certain organs, especially the liver and the 
kidneys, but also in the pancreas and the spleen. These results agree well with 
what has previously been shown in acute experiments (Potts and associates"). 

The amounts of cadmium in organs from rabbits belonging to Group 1 were 
higher throughout than the corresponding amounts in Group 2. It is, however, 


worth noting that as regards certain organs the difference between the two groups 


is not greater, considering that the animals in one group received in all more than 


5. In order to avoid the factor of suggestion, the protein reactions were always judged before 
the cadmium content of the urine was known. 

6. Potts, A. M.: Simon, F. P.; Tobias, J. M.; Postel, S.; Swift, M. N.: Patt, H. M., and 
Gerard, R. W.: Distribution and Fate of Cadmium in the Animal Body, Arch. Indust. Hyg 
2:175, 1950. 
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double the amount of cadmium given to the animals in the other group. This might 
he explained by the fact that the cadmium content of the urine, as has already been 
mentioned, was not equally great during the whole experimental period, but 
increased remarkably during the later weeks of the experiment, by which time the 
rabbits in Group 2 had already been killed. 

The cadmium content of the blood was relatively high (Table 2), and it is 
noteworthy that it was not possible to show the presence of cadmium in plasma, 
but only in whole blood. This accumulation of cadmium in the blood corpuscles is 
interesting when one bears in mind the pronounced anemia occurring in animals 
with chronic cadmium poisoning (Wilson, de Eds, and Cox *; Friberg '*). 


1.—Drtstribution of Cadmium in Different Organs 


Milligrams of Cadinium per 109 Gm. of Dry Weight 


Rabbits in Group 1 Rabbits in Group 2 

Organ 3 6 7 

Brain 0 0 ( 0 <1 <1 
Lung 3 ) 3 ’ 1 2 2 2 
Heart ‘ 1 ? 4 2 3 2 
Liver lin in 199 87 141 
Spleen 3 15 4 5 
Pancreas “4 17 7 ‘ 8 
hidney 103 112 60 66 
Adrenal gland 4 3 3 3 4 2 1 2 
Bone marrow 4 <1 | 2 1 
Bone 0 0 <1 0 <1 1 0 1 
Muscle 1 ] ! <1 <1 
Paste 2--Cadminum Content of Whole Blood and Plasma at the End of the Experiments 

Micrograms of Cadmium per Milliliter 
Rabbits in Group 1 Rabbits in Group 2 

Organ 4 3 4 6 7 

Whole blood 07 1.3 0.5 06 0.2 
Piasma.... “ 0 0 0 0 

‘ 


Radioautographs were made for the rabbits in Group 1, the following organs 
being examined: liver, kidneys, pancreas, spleen, and, in one case, lymph glands. 

The kidney had considerably more cadmium in the cortex than in the medulla. 
(Quantitative measurements indicated that there was 5 + 1 times as much cadmium 
in the cortex as in the medulla (20 measurements on 4 radioautographs ). The value 
of these quantitative measurements is somewhat diminished by the uneven density 
within the areas measured. In the cortex the Bowman capsule seemed to contain 
more cadmium than the surrounding tissue. In the medulla a slightly radiating 
structure was observable. 

In the periphery of the lobules the liver showed 2 + 0.5 times as much cadmium 
as in the inner halves (25 measurements on 8 radioautographs ). 

The pancreas showed an accumulation of moderate amounts of cadmium in its 
glandular part, while the connective tissue septa showed only small amounts. The 


7. Wilson, R.; DeEds, F., and Cox, A.: Effects of Continued Cadmium Feeding, J. 
Pharmacol. & Exper. Therap. 71:222, 1941. 


. 
r 
wane 
A 4 
q 
{ 
H 
‘ 
H 
: 
. 
; 
: 
a 


FRIBERG—CHRONIC CADMIUM POISONING 3 


endocrine part of the pancreas showed no appreciable differences as compared with 
the exocrine part. 

The spleen revealed a faint accumulation of cadmium. It was not possible to 
show any structural localization. 

Examination of a lymph node demonstrated that cadmium had accumulated 
chiefly near the periphery. The lymph follicles did not show selective accumulation. 
The accumulation was on the whole slight. 


SUMMARY AND CONCLUSIONS 


The excretion of cadmium has been studied with the radioactive-tracer tech- 
nique on the urine of four rabbits in an experiment lasting 10 weeks. Cadmium 
sulfate was injected daily in a dose sufficient to cause the special “cadmium-protein” 
to appear in the urine after six to eight weeks. 

The way in which the radioactive cadmium was distributed in different organs 
and in the blood was investigated in these rabbits and in four other rabbits, the 
latter receiving the same daily dose of cadmium sulfate but for a period of only 
four weeks. In connection with these experiments radioautographs were also made 
in the case of the first-mentioned four rabbits. 

The observations were as follows: 

1. Cadmium was excreted in the urine in only relatively small amounts during 
the first six to eight weeks, during which period it was not possible to show 
proteinuria. 

2. The excretion of cadmium increased strikingly after the sixth to eighth week 
of the experiment, at which time proteinuria began to appear. 

3. There was a connection between variations in the excreted amount of cad- 
mium and the quantitatively estimated amount of protein in the urine. This 
circumstance, together with the results of preliminary dialytic urine tests, makes it 
probable that the cadmium is to a certain extent excreted in a form bound to the 
protein component. 


4. Cadmium was demonstrably present in all the organs examined, but it was 


accumulated above all in the liver, the kidneys, the pancreas, and the spleen. 


5. The cadmium content of whole blood was relatively high, but no cadmium 
could be shown in plasma. 


6. The manner in which cadmium was distributed in different organs was 
indicated more precisely in radioautographs. 


Appendix 


RADIOAUTOGRAPHIC METHOD 
ERIK ODEBLAD 
(Women’s Clinic, Sabbatsberg Hospital, Stockholm, Sweden) 

Histological Technique—Immediately after death the piece of tissue was laid in absolute 
ethanol (dehydrated alcohol). Paraffin blocks were made in the usual way, and sections 10 « 
thick were cut. They were mounted with albumin-glycerin on carefully cleanesd plexiglas® 
(methyl methacrylate) slides and were deparaffinated in xylene. Great care was taken to get 
sections that were of equal thickness and free from artifacts. The sections were then subjected 
to radioautography. After the radioautographic exposure was finished, the sections were stained 
with hemalum-eosin and mounted in Canada balsam. 
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Radioautographic Technique-—Contact radioautography was performed with Gevaert 
no-sereen x-ray film. The temperature was +18 to +20 C. during the exposure, which lasted 
for 56 days. A well-standardized light exposure (Odeblad *) was applied besides the radioauto- 
graph, and served as a check on the development. The emulsion was developed for 30 minutes 
in the developer Kodak® DK 20 with potassium bromide added to 0.2%. After fixing, washing, 
and drying, the fog-silver in the reverse side of the film was removed with Farmer's solution in 
excess. The resolution, calculated according to Doniach and Pelc.” was about 20 w, which was 
satistactory for this purpose, 

Oualitative and Quantitative Evaluation of the Radioautographs.—The qualitative identifica- 
tion of different structures revealed on the radioautograph was performed by comparing the 
latter with the section magnified 10 to 50 times. For the quantitative work the sensitometric 
curve for Cd!!> and Gevaert no-screen x-ray film and the present development was investigated 
with the Eastman densitometer (Morrison and McFarlane'’). The sensitometric curve is 
shown i, Figure 2. Because a long time had elapsed since the manufacture of the Cd!!°, most of 


Density 
le 
+ + + 
| 
| | xposure time, hr. 
| with stpnderd | 
i 
8 16 24 32 


Fig. 2.--Sensitometric curve for Cd!!5. 


the exposure had to depend on that nuclear isomere which has a half-life of 43 days. Control 
exposures with nonradioactive sections containing cadmium failed to give any image production 
in contradistinetion to metallic cadmium | Yagoda !!]). The densitometry of the radioautographs 


Was performed with a photoelectric photomicrometer. This photomicrometer was calibrated 


against the Eastman densitometer. The mean error of a single observation was about 25%. In 


areiul quantitative analysis, the geometric distribution of an isotope within the section must be 
considered. Because such precise work was considered of little interest in this connection, this 


part of the analysis, requiring extensive mathematical operations, was omitted. 


8. Odeblad, E.: Reproducerbar standardexponering 4 film, Teknisk Tidskrift, 1950, Vol. 80, 
Supp OO) 

9. Doniach, and Pele, S. R.: Autoradiograph Technique, Brit. J. Radiol. 28:184, 1950. 

10. Morrison, C. A. and McFarlane, J. W.: The Eastman Transmission and Reflexion 
Densitometer, J]. Optic. Soc. America, 1935, Vol. 25, Supp. 417. 


11. Yagoda, H. J.: Radioactive Measurements with Nuclear Emulsions, New York, John 
Wiley & Sons, Inc., 1949, p. 9. 
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CONDENSATION PLASTICS 


Their Dermatological and Chemical Aspects 


GEORGE MORRIS, M.D. 
BOSTON 


URING recent years the spread of the use of plastics has been phenomenal. 

Today there are produced in the United States more tons of plastics than of 
any nonferrous metal, even including aluminum. This increased manufacture of 
the plastics exposes large numbers of workers to the intermediary chemicals and 
to the raw materials used in their processing. Downing! in 1938 reported that 
among 1,004 cases of industrial dermatoses collected over a period of six years only 
13 affected resin workers, approximately 1.3% of all the cases reviewed by him. 
Today, in the same city and among an equal number of patients with dermatoses, 
61 with dermatitis from plastics manufacture have been seen, an average of over 
6%. In 12 years, then, there has been a fivefold increase of dermatoses from these 
chemicals. Who can guess as to the number of cases to be seen from these sub- 
stances in another 12 years? There is, as yet, no sign of slackening of the growth 
of the plastics industry—one of .\merica’s fastest-growing industries. 

Dermatitis from the manufacture and molding of resins, therefore, comprises 
about 6% of the cases seen by an active dermatologist in an industrial area. 
Characterized chiefly by erythema, vesicles, scaling, and crusting of the exposed 
parts, the diagnosis is readily established by history, observation, experience in the 
field, and patch testing, if this is deemed necessary. Severely involved persons 
may show generalized dermatitis. Sensitization usually occurs within two to four 
weeks after employees begin work, but, less frequently, it occurs also in the more 
experienced workers. Early treatment usually permits the patient to continue in 
his employment, but when the dermatitis has been long-standing, or is generalized, 
change of occupation is often necessary. Cool saline or boric acid solution com- 
presses, cold aluminum acetate solution compresses, cool colloidal baths, and avoid- 
ance of contamination are measures that afford relief (Figs. 1 and 2). 

The ordinary worker knows little of his occupation except that he works “with 
phenolics” or “with melamine” or “with urea,” ete. The dermatologist, then, if he 
is to judge the case correctly, must be informed concerning the chemistry of the 
resins beyond the few ideas he derives from the worker. While knowledge of all 
the details of the chemistry is not essential, it is well for the dermatologist to acquaint 
himself with the basic chemistry involved in plastics manufacture. 


1. Downing, J. G.: Cutaneous Eruptions Among Industrial Workers, Arch. Dermat. & 
Syph. 39:12 (Jan.) 1939. 
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Plastics, in general, may be divided into five groups or classes ?: 
1. Condensation plastics 
2. Vinyl (or polymerization) resins 
3. Cellulose 
4. Synthetic rubbers 
5. Miscellaneous 


Fig. 2—Appearance of molder one week later, Cold saline compresses were used. 

The chemistry of the condensation plastics is of especial interest to dermatol- 
ogists because they are the most commonly used of all the plastics and cause the 
greatest number of cases of dermatitis. 

The condensation plastics may be divided into three main groups: 

Aminoplasts 
Phenoplasts 


1, 
r 
3. 


Alkyd resins (polyester resins or “glyptals”) 


2. Shreve, R. N.: Chemical Process Industries, New York, McGraw-Hill Book Company, 
Inc., 1945. 


Fig. 1.—Molder with swelling and redness of the face due to dust allergy. 
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In the production of the aminoplast resins an organic base reacts with an 


aldehyde according to the following general equation * (Fig. 3): 
X-NH, + R-CHO —> X-N-C-OH 


Fig. 3—Basic reaction leading to the production of an aminoplast resin. 


In industrial practice the two organic bases most commonly used are urea and 
melamine (Fig. +). In a few cases thiourea is used. 


NH, N 
N_ AN 
NH, NH, 


NH, 


Fig. 4+—The organic bases most commonly used in the production of aminoplasts. 


The aldehydes most commonly used are formaldehyde, acetaldehyde, and furfural- 
dehyde, or furfural (Fig. 5). Hexamethylenetetramine is also used, for in acid 


solution and in certain reactions with phenols it acts as an aldehyde. 


Fig. 5—-The three aldehydes most commonly used in the production of aminoplasts, and 
hexamethylenetetramine, which in an acid solution and in certain reactions with phenols acts as 
an aldehyde. 


As a specific example, one may consider the equations for forming a resin from urea 
and formaldehyde—a “urea resin” (Fig. 6). 
ine 
NH, HNCH,OH 
+ 2HCHO C=O (a) 
\ HNCH2OH 


NH2 


-N-CH,——N-CH,- 


(b) 


Fig. 6.—Equations for forming a resin from urea and formaldehyde—a “urea resin”: (a) 
Formation of methylol urea; (b) resinification of methylol urea. 


In the manufacture of the aminoplasts, urea and the aldehyde are heated 
together in large, completely closed condensation kettles under controlled conditions.“ 


3. Modern Plastics Encyclopedia, New York, Breskin Publishers, 1948. 
4. Callahan, J. R.: Modern Plant Makes Phenolic Resins at Springfield, Chem. & Metallurg. 
Engin., June, 1941. 
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After the reaction has progressed to the desired point, the mixture is run into 
mixing vats where fillers, colors, etc., are added and thoroughly mixed into the 
batch. The resin compound is then dried in large, closed ovens, ground or com- 
minuted in ball mills or granulators, and run into containers for shipment. 


In the molding plant the packaged plastic is placed manually or mechanically 
into machines which punch out tablets, and these are placed either manually or 


mechanically into heated molds and polymerized under pressure to the finished 
plastic molded article. 


Dermatitis can occur in those engaged in the manufacture, in the molding 
operations or in contacting in any way the partially polymerized resin, The com- 
pletely polymerized finished product is inert dermatologically. 

In the aminoplasts, it is usually the aldehyde portion of the plastic intermediates 
that causes sensitization and irritation.* 


The amines mentioned here cause little 
trouble. 


The aminoplasts are used in radio and electrical parts, for gear, buttons, and 
tableware. 


Liquid forms of the amino resins are used in plywood, table tops, other lami- 
nated objects, sand core castings, paints, coatings, and adhesives. Unexpected 
dermatitis due to them may occur in those manufacturing or handling these products. 

In the phenoplasts, phenol, or aniline, or a host of other related -OH or -NH, 
ring compounds react with the same aldehydes as are used in the aminoplasts to 
form addition products of high molecular weight (resins), according to the following 


general equation (Fig. 7): 
Oi: 


Fig. 7.—Equation for the formation of phenoplasts. 
Some of the ring compounds commonly used in the phenoplasts are phenol, 
cresol, xylenol, resorcinol, phenol sulfonic acid, p-tertiary amyl phenol, p-butyl 
phenol, aniline, phenylenediamines, toluidines, etc. ( Fig. 8). 


Core! Rewer not 
CHy 
NH, 


Fig. &8—Ring compounds commonly used in the production of phenoplasts. 


§. Schwartz, L.; Peck, S. M., and others: Occupational Diseases of the Skin, ed. 2, 
Philadelphia, Lea & Febiger, 1947 


6, Furnas, C. C.: Manual of Industrial Chemistry, New York, D. \ 


an Nostrand Company, 
Inc., 1942. 
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Cresols are monomethyl phenols (ortho, meta, or para), xylenols are mono- 
hydroxy xylenes (0, m, or p), and toluidines are amino toluenes (0, m, or p). 

When phenol reacts with formaldehyde, the HCHO adds onto the ring at the 
ortho or para position to give an alcohol.* The alcohol can in turn condense to split 
off water to form a compound which reacts with further aldehyde or with other 
polymers to form long-chain branched compounds (Fig. 9). 


Fig. 9 —Reaction of phenol and formaldehyde leading to formation of a long-chain branched 
compound in the production of phenoplasts. 


In the manufacture of the phenoplasts the ring compounds and the aldehydes, 
in the desired amounts, are added to large kettles where they are heated and 
mixed.” The water from the condensation reaction is then driven off and the 
resin is cooled—usually by allowing it to flow onto a floor where, after s@lidification, 
it is broken into lumps and then pulverized. Lubricants, dyes or pigments, fillers, 
and hexamethylenetetramine are added and thoroughly ground into the batch. The ¢ 


resin compound is rolled, ground, and packed for shipping to the molding plants 
and to other users. 


Exposure in the manufacture and in the molding of the phenoplasts closely 


parallels that in the manufacture and the molding of the aminoplasts, but more ; 
dermatitis is caused by the phenoplasts—for both the phenols and the aldehydes are : 
irritants and sensitizers. 
These plastics are used as radio, telephone, and electrical parts, for grinding ; | 
wheels, sandpapers, handles for cooking utensils, paints, coatings, and adhesives. } 


The basic chemistry of the alkyd, or polyester, resins is the reaction between a 
polybasic acid and a polyhydroxy compound * ( Fig. 10). 


-COOH CH,OH 


Fig. 10.—Basic reaction in formation of alkyd, or polyester, resins. 


lea H. C.: Organic Chemistry, Philadelphia, The Blakiston Company, 1948, 
8. Lewis, W. K., and others: Industrial Chemistry of Colloidal and Amorphous Materials, 
New York, The Macmillan Company, 1942. 
9. Johnstone, R. T.: Occupational Medicine and Industrial Hygiene, St. Louis, C. V. Mosby 
Company, 1948. 
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Some of the acids and the acid anhydrides used are fumaric, maleic, and sebacic 
acids, and maleic and phthalic anhydrides (Fig. 11). 


HC -COOH COOH(CH,), COOH 


Fig. 11—Some of the acids and acid anhydrides used in the alkyd resins—maleic, sebacic, 
and fumaric acids and maleic and phthalic anhydrides. 


Some of the polyhydroxy compounds used are glycerol, glycols, pentaerythritol, 
etc. (Fig. 12). 


Gl Glycol 
CH,OH 
CH,OH 


Some of the polyhydroxy compounds used in the formation of alkyd resins—glycerol 


The addition of long-chain fatty acids, drying oils, or unsaturated hydro- 
carbons permits extensive modification of the basic chemistry and also of the 
tinished product. Linseed oil, soybean oil, castor oil, and coconut oil are used 
according to the desired product. Styrene and allyl alcohol are also used in the 
polyester resins (Fig. 13). 


Allyl Alcohol Styrene 


CH, = CHCH,OH H=CH, 


Fig. 13.—Allyl alcohol and styrene, used in the production of alkyd, or polyester, resins. 


In the manufacture of the alkyds, the chemicals are heated together in closed 
kettles under controlled conditions of temperature, pressure, etc. When the 
reaction is at the desired point, the liquid is drawn off, pigments and dyes are added 
and mixed into the batch, and then solvents are added, and the resin is packaged 
for shipment. 

These resins are applied by brushing, dipping, spraying, or by other methods of 
coating. They are used as baking enamels for cars, stoves, and refrigerators, 
etc., and as coating for cloth, and as adhesives. 


Consider now the chemistry of the alkyds in more detail: 


CH,OH 
CHOH CyHyCOOH CH-O-C-CypHy 
CHZOH CH,O- 

ALKAYD RESIN 


Fig. 14.—Formation of an alkyd resin. 
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The polybasic acids and the acid anhydrides, the modifying oils and resins, the 
unsaturated hydrocarbons, and some of the glycols are irritants and sensitizers. As 
with the other resins of this series, dermatitis can occur in any of those exposed to 
the chemicals up to the finished, cured product. 

The chemistry of these condensation plastics, then, depends on a few simple 
organic reactions, descriptions of which may be found in any textbook of organic 
chemistry. 

1. In the aminoplasts, an NH, group reacts with an aldehyde to give a “urea 
of melamine resin” 

2. In the phenoplasts, a hydroxyl or amino group on the benzene ring so acti- 
vates the ring that it reacts with aldehydes to form “phenolic resins” 


3. In the alkyds, a polyhydric alcohol forms an ester with a polybasic acid. 


SUMMARY 
Dermatitis caused in the manufacture of plastics comprises about 6% of the 
practice of the industrial dermatologist. 
The completely polymerized finished plastics are dermatologically “inert.” 
The physician should be acquainted with the chemicals that the worker handles. 
The chemistry of the condensation plastics is presented. 
520 Commonwealth Avenue. 


Dr. Thomas Boyd, Ph.D., research chemist, Monsanto Chemical Company, Springfield, 
Mass., gave valuable assistance in the preparation of this paper. 
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EFFECTS OF DIMETHYL AND DIETHYL PARANITROPHENYL 
THIOPHOSPHATE ON EXPERIMENTAL ANIMALS 


WILLIAM B. DEICHMANN, Ph.D. 


WILLIAM PUGLIESE, A.B. 
AND 
JAMES CASSIDY, B.S. 
ALBANY, N. Y. 


HE DIMETHYL ester of thiophosphoric acid has passed extensive trials 
as an insecticide and is now manufactured in this country in large quantities. 
The diethyl ester was introduced as an insecticide several years ago. 

Published data indicate that the pharmacological effect of diethyl p-nitrophenyl 
thiophosphate (DE-P?NTP) (Council-accepted generic name, parathion) is very 
similar to that produced by drugs exerting a cholinergic action. This is evidenced 
in mammals by signs typical of parasympathetic stimulation, cholinesterase inhi- 
bition, and a moderate protective action of atropine.’ 


Unpublished observations of Hecht and Wirth? have shown that absorption 


of toxic doses of dimethyl p-nitrophenyl thiophosphate (DM-PNTP) will induce 
similar signs of intoxications. 


SCOPE AND PURPOSE OF INVESTIGATIONS 
Dimethyl p-nitrophenyl thiophosphate, as stated, has passed extensive trials 
as an insecticide and is now being manufactured in large quantities. It became 


essential, therefore, to determine the toxicity of this phosphate in some detail and 
to compare it with its ethyl derivative. 


EXPERIMENTAL PROCEDURE 


The purified dimethyl ester * is a white crystalline solid with a melting point at 36 C. 
When liquefied, its specific gravity is 1.358 at 20/4. It is readily soluble in vegetable oils; 


From the Division of Pharmacology, Department of Physiology and Pharmacology, Albany 
Medical College 


1. (a2) Pharmacology and Toxicology of Certain Organic Phosphorus Insecticides, Report 
to the Council on Pharmacy and Chemistry: I. General Description of Their Activity and 
Usefulness, by S. A. Rohwer and H. L. Haller; Il. Pharmacology by K. DuBois; III. 
Toxicology, by D. Grob; IV. Clinical Experience, by H. K. Abrams, D. O. Hamblin and 
J. F. Marchand; V. Effects on Beneficial Forms of Life, Crops and Soil and Residue Hazards, 
by A. J. Lehman, A. Hartzell, and J. C. Ward, J. A. M. A. 144:104 (Sept. 9) 1950. (b) 
DuBois, K. P.; Doull, J.; Salerno, P. R., and Coon, J. M.: Studies on the Toxicity and 
Mechanism of Action of p-Nitrophenyl Diethyl Thionophosphate (Parathion), J. Pharmacol. & 
Exper. Therap, 85:79, 1949. (c) Metcalf, R. L.. and March, R. B.: Studies of the Mode of 
Action of Parathion and Its Derivatives and Their Toxicity to Insects, J. Econ. Entomol. 
42:721, 1949 


2. Hecht, G., and Wirth, W.: Personal communication to the authors. 
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practically insoluble in water, but readily brought into a state of fine colloidal suspension by 
addidion of certain emulsifiers. The material is hydrolyzed by alkalies. The commercial 
product is a brownish liquid (specific gravity 1.26) with a purity above 95%. Impurities to 
be expected include ethyl bis(p-nitrophenyl) thiophosphate, triethyl thiophosphate, and 
p-nitrophenol. 

The highly purified diethyl ester tested* is a yellowish liquid which darkens on standing. 
Its boiling point is 157-162 C. at 0.6 mm. Hg; the specific gravity is 1.27. In respect to 
solubility and decomposition under the influence of alkalies, the ethyl compound behaves as the 
methyl compound. Some of the commercial preparations tested were obtained trom Dr. 
Gerhardt Schrader; others were purchased in this country. They are expected to have a 
purity above 95%. 

The thiophosphates were administered (1) undiluted, (2) dissolved in corn oil (wt./vol.), 
and (3) mixed with various emulsifiers (wt./vol.). 

The female albino rats of Wistar stock used weighed from 100 to 150 gm.; the male 
albino rabbits, from 2.5 to 3.5 kg.: the female guinea pigs, from 400 to 700 gm. All the 
animals were obtained from a local breeder. Oral doses were administered by stomach tube. 
For the studies on cutaneous absorption the materials were applied on the abdominal skin 
of rabbits, the hair of which had previously been clipped very short. The animals were 
restrained in a stock described in detail elsewhere.“ All skin exposures were continued for a 
period of six hours. The unabsorbed portion was then removed as completely as possible by 
washing the animal under the tap with Castile soap and water. 

The cutaneous and some oral toxicities were expressed as “approximate lethal doses.” * 
Some of the oral lethal doses were recorded as L.D.sw's.? 

A 154-liter exposure chamber was employed for the inhalation experiments. The material 
tested was sprayed into the cage with a metal paint spray gun and an air current of 75 liters 
per minute. Concentrations of the insecticide in the inhalation chamber were determined : 
chemically by the method of Averell and Norris.* | Animals (six rats, three guinea pigs, one 
rabbit) were exposed together for one period of two hours. Skin absorption and licking were 
not prevented during or after the exposure. 

After treatment nearly every animal was kept under observation for a period of two weeks. 
Many of the animals that died or were killed were examined for gross pathological lesions. 


RESULTS 


Pharmacological Effects and Gross Pathological Changes.—-When absorbed into 


the tissues of rats and rabbits, the highly purified, as well as the commercial, 
diethyl p-nitrophenyl thiophosphate acts as a powerful stimulant of the organs 


3. The purified dimethyl and diethyl esters of thiophosphoric acid used in these studies 
were prepared and supplied by Dr. Gerhardt Schrader, of Farbenfabriken Bayer, Elberfeld- 
Wupperthal, British Zone, Germany. Dr. Schrader also supplied some of the commercial 
preparations tested. 

4. Schrader, G.: The Development of New Insecticides, British Intelligence, Objectives 
Subcommittee Final Report 714 (revised), Item No, 8, London, His Majesty’s Stationery 
Office, 1947. 

5. Deichmann, W. B.; Kitzmiller, K. V.; Dierker, M., and Witherup, S.: Observations 
on the Effects of Diphenyl, o- and p-Aminodiphenyl, o- and p-Nitrodiphenyl and Dihydroxyocta- 
chlorodiphenyl upon Experimental Animals, |. Indust. Hyg. & Toxicol. 29:1, 1947. 

6. Deichmann, W. B., and LeBlanc, T. J.: Determination of the Approximate Lethal Dose 
with About 6 Animals, J. Indust. Hyg. & Toxicol. 25:415, 1943. Deichmann, W. B., and 
Mergard, F. G.: Comparative Evaluation of Methods Employed to Express the Degree of 
Toxicity of a Compound, J. Indust. Hyg. & Toxicol. 30:373, 1948. 

7. Miller, L., and Tainter, M.: Estimation of the ED. and Its Error by Means of Logarith- 
mic-Probit Graph Paper, Proc. Soc. Exper. Biol. & Med. 57:261, 1944. 

8 Averell, P. R., and Norris, M. V.: Estimation of Small Amounts of O,O-Diethyl 
QO-p-Nitropheny! Thiophosphate, Analyt. Chem. 20:753, 1948. 
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innervated by cholinergic fibers. The animals displayed signs similar to those 
described by DuBois and co-workers * and by Hecht and Wirth.? These included 
restlessness, muscular twitchings, defecation, urination, lacrimation, incoordina- 
tion, prostration with generalized muscular fibrillations and mild tonic, clonic, or 
asphyxial convulsions. No consistent pupillary changes were observed. Death 
was apparently due to peripheral respiratory failure. After cutaneous absorption 
of a sublethal dose, the diethyl compound induced in a few rabbits a paralysis 
affecting particularly the muscles of the neck and the extensor muscles of the fore- 
legs (“foot drop”) (Figure). The animals recovered in two to four weeks. 

Dimethyl p-nitrophenyl thiophosphate produced similar signs of intoxication, 
but the effects were milder. In the terminal stages lethargy and coma were, how- 
ever, more evident. 

When animals were exposed to the spray of the diethyl compound or to a mix- 
ture composed of 80% of dimethyl and 20% of diethyl p-nitrophenyl thiophosphate 


Rabbit atter cutaneous absorption of a sublethal dose of diethyl p-nitrophenyl thiophosphate. 


(“80-20"), the signs of intoxication always appeared earlier in rats than in guinea 
pigs. The rabbits were least susceptible. Some of the rats exposed to nonlethal 
doses displayed definite tremors which lasted for a period of 48 to 72 hours. 

Gross pathological tissue changes of rats and rabbits dying of acute diethyl 
p-nitrophenyl thiophosphate poisoning included congestion and hyperemia of the 
lungs. Sometimes one or both lobes showed some edema, or they were spotted 
with hemorrhagic areas or marginal emphysema. The airways of trachea and 
bronchi were often filled with a foamy fluid. The whole enteric tract and the 
urinary bladder were usually much contracted. In some rabbits the heart was 
dilated and filled with dark and clotted blood, while in others it was well con- 
tracted. Lhe blood vessels of the abdominal viscera showed marked congestion. 
A few isolated rabbits had outstanding hemorrhages in the psoas muscles. No local 
etfects on skin, eves, or mucous membranes were noted. 


9, DuBois,'* Art. I]. DuBois and others.!> 
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Acutely lethal doses of dimethyl p-nitrophenyl thiophosphate produced no con- 
sistent gross pathological tissue changes. The pronounced spasm of the alimentary 


tract or of the urinary bladder, the pulmonary changes, and the occasional hemor- 


rhages involving the skeletal muscles noted after absorption of the diethyl deriva- 


tive were not observed. 

Immediate Toxicity of the Dimethyl and Diethyl p-Nitrophenyl Thiophos- 
phates and “80-20” Mixtures of These Phosphates Applied Once on the Abdominal 
Skin of Albino Rabhits—\When the commercial dimethyl ester (undiluted) was 


TaB_e 1—The /mmediate Toxicity of Dimethyl p-Nitrophenyl Thiophosphate Applied Once on 
the Abdominal Skin of Male Albino Rabbits 


Approximate 


Lethal Dose of Period of 
the Dimethyl Survival After 
Rabbits Derivative, Six Hours of 
Exposed Material Applied Gm. Ke Exposure 
13 Purified dimethyl derivative, undiluted. ... 1.27 Shr. 
12 Purified dimethyl] derivative, 10% in corn oil 042 hr. to 10 days 
2 Commercial dimethyl derivative, undiluted 0.35 to 0.78 6to 24hr 
Commercial dimethyl derivative, 38% in Triton X-100..... O83 Sto l2hr 
5 Commercial dimethyl derivative, 33% in Emulsifier 8129". 
16 33% of purified dimethyl derivative and 5% Emulsifier 8129 
* Emulsifler 8139 is an aromatic polyglycol ether obtained when ethylene oxide is added to a phenol of 
high molecular weight. 
Taste 2—The Immediate Toxicity of Diethyl p-Nitrophenyl Thiophosphate Applied Once on 


the Abdominal Skin of Male Albino Rabbits 


Approximate 


Lethal Dose of Period of é 
the Diethyl Survival After z 
Rabbits Derivative, Six Hours of & 
Exposed Material Applied Gm. Ke Exposure 
¥ 
23 Purified aiethyl derivative, undiluted O87 2 to 8 br. 
6 33% purified diethyl derivative and 5% E-nulsifier 8139 
29 Commercial diethy! derivative, undiluted pea 0.15 to 0.42 Shr. to 12 days 
Commercial diethyl derivative, undiluted..... 0.15 to O71 10 to 60 hr, 
9 Commercial diethyl derivative, 33°) in Triton X-100 ‘ . 0.55 to ORS 10 to 48 br. x 
8* Commercial diethyl derivative, 33% in Triton X-1l00 to 12 to 36 hr. 
5 Commercial diethyl derivative, 33% in Emulsifier si8u....... 2.80 36 br. 
g* Commercial diethyl derivative, 33% in Emulsifier s139....... 


* Females. 


applied on the skin of rabbits, the approximate lethal doses ior three lots ranged 
from 0.35 to 0.78 gm. per kilogram of rabbit. The highly purified compound 


(undiluted) was less toxic; its approximate lethal dose was 1.27 gm. per kilo- 


gram. However, when this material was dissolved in corn oil (1:10), the toxicity 


increased (0.42 gm. kg.). The cutaneous toxicity of the dimethyl compound (puri- 


fied and commercial) became reduced considerably when it was mixed with an 


emulsifier and applied. [mulsifier 8139 reduced the toxicity more than triton 


X-100 (a condensation product of diisobutylphenol and 9 to 10 mol. of ethylene 


oxide) (Table 1). 


When applied similarly on the abdominal skin of rabbits, the purified diethyl 


p-nitrophenyl thiophosphate was found to be somewhat more toxic than the 
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dimethyl compound. The approximate lethal dose was 0.87 gm. per kilogram. 
\s in the case of the dimethyl ester, the systemic toxicity of the diethyl ester of 
thiophosphoric acid was reduced more markedly by emulsifier 8139 than by 
triton X-100. No explanation is offered for these reductions of toxicity which 
occurred in spite of the larger body surfaces exposed (Table 2). 

“80-20” mixtures of these thiophosphates were tested under similar conditions. 
Mixtures of these commercial phosphates (undiluted) supplied by a manufacturer 


Taare 3.—Effects of Emulsifier 8139 and Water on the Cutaneous Toxicity of Two Oraanic 
Phosphates That Were Applied Once on the Abdominal Skin of Male Albino Rabbits* 


Dose 
Applied 
to Fach 
Animal in Period of 
Terms of Survival After 
Phosphates, Mor Six Hours of 
Material Applied tim. Ke. tality, % Exposure 
f purifled dimethyl derivative in emulsifier 
purified dimethyl derivative and 5% ernulsifier in water 7 br 
of purified diethyl derivative in emulsifier 33 hr. to 13 days 
purified diethyl derivative and 5% emulsifier in water 45 hr 
f commercial in emulsifier lhr. to 4 days 
commercial and 5% in water 30min. tos hr 
f commercial fn emulsifier l4 days 
commercial and emulsifier in water hi 
commercial emulsifier 30 min. to 3 days 
commercial and 5° emulsifier in water 8 30 min. tos hr 


rabbits were ernploved tor each experiuent 


Effect of Emulsifiers on the Immediate Toxicity of a Mixture Composed of 
f Dimethyl p-Nitrophenyl Thiophosphate Commercial and 20% of Diethyl 
p-Nitrophenyl Thiophosphate, (Commerctal) Applied Once on the 

Ihdominal Skin of Male Albino Rabbits* 


Period of 

Survival After 

Material Applied Consisted of 75% of “S020" in One of the Six Hours of 
Following Enulsifiers Exposure 

Polyelyeol shr..9hr 

Polyelyeol 42.1 to 48 hr, 

Polyglyeo! 42-8 shr. to 2 days 

Polyelyeol 30 shr. to days 
Polyglyeol 42-2 
Fmulsifier sisy 

Fmulsifier RH-340 
W.2 
Wl 


Polyglyeol 42-4 


Shr. to 2 days 
SO min. to 3 days 
lto4days 
sto Whr. 
sto 48 hr. 


Ten rabbits were employed for each test. Each animal received an application of 6.3 gm. of phosphates 


per Kilogram. The emulsifiers were prepared by the Chemagro Corporation, New York. In composition they 
were similar to emulsifier S130 


demonstrated approximate lethal doses ranging from 0.35 to 2.65 gm. per kilo- 
gram. .\ lowering of cutaneous toxicity similar to that described for the indi- 
vidual phosphates was observed after application of mixtures of “80-20" and 
emulsifiers. [-mulsifier 8139 was most effective, polyethylene glycol 400 was least 
effective, while triton X-100 and tween 80 (sorethytan [20] monooleate U.S. P.) 
took mtermediate places, 

The question arose whether the “original” cutaneous toxicity of a thiophos- 
phate would be restored if most of emulsifier 8139 were replated by water. The 
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data presented in Table 3 make this apparent. The protective action of the emulsi- 


fier was lost when the bulk of this material was replaced by water. 


Table 4 presents additional data on the effects of various emulsifiers. The 


skin of each animal was exposed for a period of six hours to a mixture of “80-20” 


and one of the wetting agents (3:1). In each instance a quantity equal to 6.3 gm. 


of the thiophosphates per kilogram of animal was applied. The mortality induced 


ranged from 20 to 100‘, indicating that the choice of an emulsifier is of consider- 


able practical importance. 
Immediate Toxicity of the Dimethyl and the Diethyl p-Nitrophenyl Thiophos- 
phates Administered Orally in One Dose to Female Rats——The materials were 


administered in various vehicles and concentrations. Because of their obvious tox- 


icii,, they could not be given undiluted. The data, presented in Table 5, lend 


emphasis to the following observations: (a) Highly purified dimethyl p-nitro- 
phenyl thiophosphate has a tendency to be less toxic than the commercial product. % 
Purified and commercial diethyl p-nitrophenyl thiophosphate did not show a sig- 
Taste 5.—The Immediate Toxicity of Dimethyl and Diethyl p-Nitrophenyl Thiophosphate i 
Administered by Stomach Tube in One Dose to Female Albino Rats 
Approx 
Lethal 
Rats Dose, 
Treated Material Administered Me. ke Me. ke. Period of Survival : 
Dimethyl p-Nitropheny! Thiophosphate 
) Commercial dimethyl derivative, 2% in corn oil 69 10 min. to 2 days 
lo Commercial dimethyl derivative, 1% in corn oil W4 lO min. to 30 min 
Purified dimethyl derivative, 2% in corn oil 97 smin. to Shr 
Purified dimethyl! derivative, 1% in eorn oil lis »min. to 8 br 
1% purified dimethyl! derivative in Emulsifier lOmin. to 4 days 
al 1% purified dimethyl derivative and 5% Emulsifier 3 
in water min, tos days 
Diethyl p-Nitropheny! Thiophosphate 
4 Commercial diethyl derivative, 1% susp. in aqueous 
methyl cellulose $245.3 min. to 12 br, 
1 Commercial diethyl derivative, 1% in eorn oil eo lo min. to 2 hr 
4 Purified diethyl derivative, 1% in corn oil... lo min. to 2 hr 
Purified diethyl derivative, 0.2% in corn oil smin. to hr 
nificant difference. (>) The concentration of a phosphate in a solution influenced k : 
the oral toxicity. When one commercial preparation of the dimethyl compound 
was given as a 2% solution in corn oil, the approximate lethal dose was 6.9 mg. ; 


per kilogram, but the approximate lethal dose increased to 16.4 mg. per kilogram 


when the same material was administered as a 1% solution. The L.D..,’s of the 


purified dimethyl compound in corn oil were, respectively, 9.7 mg. per kilogram 


as a 2% solution, and 14.8 mg. per kilogram as a 1% solution. The L.D.,,’s of 


the purified diethyl compound were 4.0 mg. per. kilogram as a 1% solution, and 


4.4 mg. per kilogram as a 0.2% solution in corn oil. (Each group of experiments 


was conducted at one time, employing one lot of animals.) (¢) Emulsifier 8139 


lowered the immediate oral toxicity of the purified dimethyl compound, When 


administered as a 1% solution in this emulsifier, the LL.D... found was 27 mg. 


per kilogram. When all but 5% of the emulsifier was replaced by water, the 


toxicity increased again (11 mg. kg.) and became similar to that of a 1% solution 


of the dimethyl compound in corn oil. 
Effects of Two-Hour Periods of Exposure to (a) 33.3% of Commercial Diethyl 
p-Nitrophenyl Thiophosphate in Emulsifier 8139 and (b) 26.6% of Commercial 
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Dimethyl p-Nitrophenyl Thiophosphate and 6.6% of Commercial Diethyl p-Nitro- 
phenyl Thiophosphate in Emulsifier 8139.—When exposed to the spray of a mix- 
ture of 33% of the diethyl p-nitrophenyl thiophosphate in emulsifier 8139, 
approximately three of six rats died at levels of 0.0028 or 0.0036 mg. of the diethyl 
compound per liter of air. Guinea pigs were less susceptible; two of three suc- 
cumbed when the concentration reached 0.014 mg. per liter. A rabbit survived a 
concentration of 0.026 mg. per liter, but another died when subjected to 0.05 mg. 
per liter. 

The second insecticidal preparation (‘‘metacide”), in which 80% of the diethyl 
thiophosphate content was replaced by dimethyl p-nitrophenyl thiophosphate, 
demonstrated a lower degree of toxicity for all three species exposed. There were 


TaBie 6,—Effects of Two Hours of Exposure to a Spray of (a) 33.3% Commercial Diethyl 
p-Nitrophenyl Thiophosphate in Emulsifier 8139, and (b) 26.6% Commercial Dimethyl 
p-Nitrophenyl Thiophosphate and 6.6% Commercial Diethyl p-Nitrophenyl Thio- 


_ 


| ; Survival-Mortality Rate After Exposure to 
Concentration 26.6% DM-PNTP and 
of Phosphates 33.3% DE-PNTP in 6.6% DE-PN'TP in 
in Inhalation Fmulsifier 8139 Emulsifier 8139 
Lo) Me. L Rat Guinea Pig Rabbit Rat Guinea Pig Rabbit 
0.008 24 0/3 011 
0.0036 46 03 0/1 
0.0044 516 03 el 
03 01 ee 
0.012 66 03 011 0/6 03 
0.024 6.6 03 
0.025 eee 6.6 0.3 01 
0.0% 6.6 2/3 0/1 
0.05 6/6 3/3 1/1 
0.07 66 11 
* A new group of animals (six rats, three guinea pigs, one rabbit) was exposed to each concentration 
7 i no fatalities in those exposed to 0.012 mg. of the thiophosphates per liter of air, 
_ but four of six rats died when placed in an atmosphere containing 0.05 mg., of the 
thiophosphate per liter. This induced only signs of mild intoxication. A rabbit 
died when exposed to the highest concentration, 0.07 mg. per liter (Table 6). : 
SUMMARY 
; When absorbed in toxic doses into the tissues of female rats, female guinea 


pigs, and male rabbits, dimethyl p-nitropheny] thiophosphate (DM-PNTP) induced 
mild to moderately severe parasympathomimetic effects. 
result of peripheral respiratory failure. 


Death appeared to be the 
The pharmacological effects produced by 
diethyl p-nitrophenyl thiophosphate (DE-PNTP) (Council-accepted generic name, 
parathion) were similar to those reported by previous investigators. 


In addition it 
. was noted that this compound may induce in rabbits a typical “foot drop,” as well 
: as hemorrhages in the psoas muscles. 
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Certain factors will influence the immediate toxicity of dimethyl and diethyl 


p-nitrophenyl thiophosphate : 

(a) A high degree of purification removes certain impurities which are more 
toxic than the dimethyl and diethyl p-nitrophenyl! thiophosphates. 

(b) When 2 and 1%, or 1 and 0.2%, solutions of these phosphates in corn oil 
were given by stomach tube to rats, a comparison of the results demonstrated that 
the more concentrated solutions are the more toxic. 

(c) Certain solvents can be expected to increase the cutaneous toxicity of 
the dimethyl compound. The approximate lethal dose of the purified, undiluted 
compound was 1.27 gm. per kilogram of rabbit; when this was given as a 10% 
solution in corn oil, the lethal dose was 0.42 gm. per kilogram. 

(d) Other vehicles can be anticipated to decrease the cutaneous and oral 
toxicities of dimethyl and diethyl p-nitrophenyl thiophosphate. When 33% § 
dimethyl p-nitrophenyl thiophosphate in emulsifier 8139 was applied on the abdomi- ; 
nal skin of rabbits the approximate lethal dose was 2.8 gm. per kilogram. The : 
cutaneous toxicity of the diethyl derivative dropped similarly. To produce approxi- 
mately 50% mortalities with undiluted diethyl p-nitrophenyl thiophospate (com- 
mercial) required 0.15 to O42 gm. per kilogram; with a 33% preparation of 
diethyl p-nitrophenyl thiophosphate (commercial) in emulsifier 8139, the required : 
dose was 2.8 per kilogram. Other emulsifiers were less effective. 

When dimethyl p-nitrophenyl thiophosphate (purified) was administered as a ' 

% solution in corn oil by stomach tube to rats the L.D,, was 14.8 mg. per kilogram. 
The L.D.,, of a 1% preparation of the purified compound in Emulsifier 8139 was : 
27.0 mg. per kilogram. 

(e) The toxicity lowering effect of emulsifier 8139 was lost when the bulk of ; : 
this material was replaced by water. 

(f) The toxicity induced in rabbits following cutaneous absorption of an “80-20” 4 
mixture of dimethyl and diethyl p-nitrophenyl thiophosphates was found to be less 
than anticipated from simple addition of the effects of each of these compounds. 

(g) Even though dimethyl p-nitrophenyl! thiophosphate is less toxic (one-fifth to 
one-half) than the diethyl derivative and even though the toxicity-lowering effect of 
emulsifier 8139 on concentrated dimethyl p-nitrophenyl thiophosphate is significant, 


it must be recognized that this compound and its formulations still represent highly 
toxic preparations. The safety and precautionary measures recommended for 
* “alkron,” 
and others ), should, therefore, be applied with equal vigor to insecticidal preparations 
containing dimethyl p-nitrophenyl thiophosphate. Exposure by skin contact, inha- 
lation, or ingestion must be carefully avoided. 


diethyl p-nitrophenyl thiophosphate, or parathion (“niran,” “thiophos,’ 
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PHYSIOLOGICAL RESPONSE OF EXPERIMENTAL ANIMALS TO 
THE VAPOR OF 2-NITROPROPANE 


JOSEPH F. TREON, Ph.D. 
AND 


FRANK R. DUTRA, M.D. 
CINCINNATI 


*XPERIMENTAL work was undertaken to provide a basis for appraising the 
4hazards which may attend the use of 2-nitropropane ({CH,],.C|{[H]NO,) as 
a solvent. Skinner! reported that workers complained of severe headaches and 
gastroenteric disturbances while using 2-nitropropane on a damp day in a poorly 
ventilated shed. The results of analyses, performed presumably on another day, 
suggested that the atmospheric concentrations that gave rise to the complaints may 
have been of the order of 15 to 45 parts per million (ppm). 
The physical properties of this nitroparaffin and the toxicity shown by it when 


it was administered orally to rabbits have been reported previously. At a pressure 


of 745 mm. of mercury and a temperature of 25 C. (77 F.) air saturated with 
volatilized 2-nitropropane would contain 95.8 mg. per liter since at this temperature 
the vapor pressure is 20 mm. Under similar conditions the concentration of 1 mg. 
of 2-nitropropane per liter of air is equivalent to 280.1 ppm. Its odor was detectable 
at 1.05 mg. per liter (294.0 ppm) but not at 0.297 mg. per liter (83 ppm). 

The work described in this article was sponsored by the Commercial Solvents 
Corporation, which also supplied the material for investigation. 


EXPERIMENTAL METHODS 


In most of the experiments one or two cats, two rats, two rabbits, and two guinea igs were 
employed, but in those involving prolonged intermittent exposure to the two lowest concentra 
tions monkeys and a larger number of cats were used 

In each of the latter two experiments the animals were exposed in an air-conditioned chamber 
of 600-liter capacity © for seven hours a day on five days a week over a period of approximately 
six months. Contaminated air entered the chamber at the rate of 500 liters per minute. For 
several weeks prior to the introduction of the contaminated air the animals were acclimated to 
the tempered, dehumidified, and essentially dust-free atmosphere of the chamber. During both 
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1, Skinner, J. Bo: The Toxicity of 2-Nitropropane, Indust. Med. 16:441, 1947. 

2. Machle, W.; Seott, E. W., and Treon, J.: The Physiological Response of Animals to 
Some Simple Mononitroparafiins and to Certain Derivatives of These Compounds, J. Indust 
Hyg. & Toxicol. 22:315, 1940 

3. Treon, J. F.; Crutchfield, W. EF. Jr. and Kitzmiller, K. V.: The Physiological Response 
of Animals to Cyclohexane, Methyleyclohexane, and Certain Derivatives of These Compounds: 
Il. Inhalation, J. Indust. Hyg. & Toxicol, 25:323, 1943 
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this preliminary period and the period of exposure, and also for one week to two months after 
the last day of exposure, each animal was weighed three times per week. Throughout these 
periods the erythrocytes and leucocytes and the various types of leucocytes in the blood of 
cats, guinea pigs, monkeys, and rabbits were counted at weekly intervals, and the hemoglobin 
concentration was determined. 

The other experiments were carried out in a metal cage having a volume of 223 liters.’ 
In mest instances the contaminated air entered the steel chamber at the rate of either 23 or 
46 liters per minute. The material was metered in the various experiments by three different 
methods, depending on the desired concentration. In all experiments in which the concentration 
was 2.81 mg. or more per liter, the 2-nitropropane was metered from a long glass tube by 
means of a moving, tightly fitting glass plunger, which was actuated by a synchronous motor.® 
In metering the liquid volatilized to attain the concentration of 1.17 mg. per liter a Bosch pump 
and spray nozzle were used, as described previously. In the experiment in which the air 
contained 0.297 mg. per liter, a small stream of air (1,850 ml. per minute) was passed through 
a coarse-mesh fritted bubbler which was immersed in 2-nitropropane and maintained at a 
constant level and a constant temperature (25 C.). This stream of air then passed into the 
larger stream of conci‘ioned air. 


83888 


Transmission 


Percent 


2 sit 
20-mm.cell 
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Chart 1.—Standardization curve for the determination of atmospheric concentrations of 
2-nitropropane. 


The concentration of 2-nitropropane in the atmosphere of the chamber was determined two 
to four times daily, by measuring the ultraviolet radiation of a wave length of 2,775 A. trans- 
mitted through an alcoholic solution of 2-nitropropane, by means of a Beckman spectro- 
photometer. In the case of concentrations of 2.81 mg. per liter or more, samples of the 
atmosphere were collected in an evacuated glass bulb of 2.145-liter capacity from which the 
vapor was extracted in 25 or 50 mi. of redistilled alcohol. Air bearing lower concentrations 
(1.17 mg. per liter or less) was passed through 3) ml. of the solvent in a series of two 
cylindric towers (1.6 by & in. [4.06 by 20.3 cm.], outside diameter) provided with fritted dises 
The air was passed through the absorbers for two hours at the rate of either 205 or 330 ml. 
per minute as measured by means of a previously calibrated rotameter. Only a minute 
proportion of the total sample was found in the second tower. 

Chart 1 shows the relation between the transmission of radiation of a wave length of 2,775 A. 
through a 20-mm. quartz cell and the concentration of 2-nitropropane over the range of 0.1 mg. 
to 2.0 mg. per milliliter of alcohol. The Beckman spectrophotometer was set against a 


corresponding quartz cell containing only redistilled alcohol. 


4. Machle, W.; Scott, E. W., and Treon, J: The Physiological Response to Isopropyl 
Ether and to a Mixture of Isopropyl Ether and Gasoline, J. Indust. Hyg. & Toxicol. 21:72, 1939. 


5. Machle and others (Footnotes 2 and 4) 
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In preparing the alcohol, about 1,750 ml. of 95 per cent ethyl alcohol was permitted to stand 
overnight with 10 gm. of potassium hydroxide in the form of pellets and 7 gm. of aluminum 


foil (0.003"). The mixture was then refluxed for a half-hour and distilled at 78.5 C., the first 
20 mi. being rejected. 
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{ Chart 2.-Fatalities among cats following inhalation of 2-nitropropane vapor in air. Data 
from each experiment have been plotted as circles, the extent to which each circle is filled 
: indicating the percentage of fatalities among exposed animals. The percentages given in 
: parentheses are 50%, 50%, 50% 


, 33.3%, and 50%, respectively, from left to right. 
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Chart 3.—Fatalities among rats following inhalation of 2-nitropropane vapor in air. 
Data trom each experiment have been plotted as circles, the extent to which each circle is 
filled indicating the percentage of fatalities among exposed animals. 


MORTALITY 
The mortality in the several groups of cats, rats, rabbits, and guinea pigs is 
plotted logarithmically against severity of exposure in Charts 2, 3, 4, and 5, respec- 
tively. The data of Table 1 show that the susceptibility shown by the several species 


of animals to the toxic etfects of brief exposure decreased in the following order: 
cat, rat, rabbit, guinea pig. 
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There were no fatalities among cats exposed to the concentration of 2.62 mg. 
per liter (734 ppm) over a period of 2.25 hours, but one of two cats died when 
exposed for 4.5 hours to the concentration of 2.55 mg. per liter (714 ppm), whereas 
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Chart 4.—Fatalities among rabbits following inhalation of 2-nitropropane vapor in air. 
Data from each experiment have been plotted as circles, the extent to which each circle is 
filled indicating the percentage of fatalities among exposed animals. The percentages given 
in parentheses are all 50%. 
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Chart 5.—Fatalities among guinea pigs following inhalation of vapor of 2-nitropropane in 
air. Data from each experiment have been plotted as circles, the extent to which each circle 
is filled indicating the percentage of fatalities among exposed animals. 


rats, rabbits, and guinea pigs survived after being exposed to 2.40 mg. per liter 
(672 ppm) for seven hours on each of five consecutive days. 

No cat died after being exposed to the concentration of 1.13 mg. per liter (317 
ppm) for seven hours on each of two successive days, but none survived when 
exposed to 1.17 mg. per liter (328 ppm) for seven hours per day on each of five 
days per week. The first death occurred during the third period of exposure and the 
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last at the conclusion of the 17th period. Two rats, two guinea pigs and a rabbit 
survived after being exposed to this concentration for 130 seven-hour periods over 
the course of 199 days. Two rabbits and a monkey in this group likewise survived ; 
however, they were exposed on only 95, 97, and 100 days, respectively. (‘Two other 
rabbits in this group died from intercurrent infection without having suffered from 
any apparent ill effects of the compound. ) 

lwo cats, a rat, four rabbits, two guinea pigs, and a monkey survived throughout 
a period during which they were exposed to 2-nitropropane in the concentration of 
0.297 mg. per liter (83 ppm) for seven hours on each of 130 days over a period of 
191 days 

Cats exposed to the concentration of 2.55 mg. per liter (714 ppm) for 4.5 hours 
per day or to the concentration of 1.17 mg. per liter (328 ppm) for seven hours per 
day on five days a week survived longer than might have been anticipated on the 
basis of a continuation of the line (Chart 2) which at higher concentrations separates 
tolerable from lethal conditions of exposure. The length of survival of certain of these 

Parte 1.—Tolerable and Lethal Concentrations for Brief Periods of Exposure to 


lapor of 2-Nitropropane 


Highest Coneentration Tolerable 


Over Periods of Exposure 


Duration of exposure was 7 hours 


Lowest Concentration Lethal 
Following Periods of Expo 


Indicated, Me. L. (ppm) sure Indicated, Me. L. (ppm) 
Species 

Animal 1 He 125 Hr 4.5 Hr 1 He Hr 4.5 Hr 

(787) (734) (328) (2,353) (1,148) (714) 

a4 13.8 a4 
a3) (1,372) (714) (3,865) (2,633) (1,513) 

Rabbit 13.8 i4 154 8.5 
(2,633) 1401 1,523) (4,313) (2,381) 

nea ple = 345 


» higher concentration was employed, 
: Duration of exposure was 5.5 hours 


cats indicates that the line separating these areas must change its slope more or less 
abruptly at some point. Comparable changes of slope occur also in the lines drawn 
through the plotted data pertaining to other species of animals, but they are not 
identical in their points of occurrence or in the degree to which they deviate from 
the original slope. In the case of cats the deflection occurs at some concentration 
above 2.62 mg. per liter (734 ppm) and below 4.1 mg. per liter (1,148 ppm) 
(Chart 2); in that of rats it occurs at some concentration between 2.4 (672 ppm) 
and 4.9 mg. per liter (1,372 ppm) (Chart 3); in that of rabbits, between 4.7 (1,316 
ppm) and 8.3 mg. per liter (2,325 ppm) (Chart 4+), and in that of guinea pigs, 
hetween 8.3 and 16.5 mg. per liter (4,622 ppm) (Chart 5). The concentration at 
which such deflection occurs appears to be lower in the case of the more susceptible 
species of animals and, apparently, affords some measure of the relative amount of 
the compound that can be metabolized, detoxified, excreted, or otherwise disposed of 
by the species. 

When the conditions associated with one period of exposure were lethal to them, 
the cats died within 1.3 to 5.6 hours after the initiation of an experiment. Rats also 
died promptly, within 1.8 to 3.5 hours, when the air contained so much as 15.4 
mg. per liter (4.313 ppm), but guinea pigs and rabbits usually lived for 25 to 60 
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hours after the initiation of a lethal exposure. (Deaths occurred among guinea pigs 


within 3.5 to 10 hours when they were exposed to concentrations of 16.5 mg. per 


liter [4,622 ppm] or higher for 5.5 hours.) At necropsy the odor of the compound 
was noticeable in the pleural cavities of the animals and frequently also in their 
abdominal cavities if death had occurred during or soon after the termination of 
exposure to one of the higher concentrations. 


PHYSICAL SIGNS OF INTOXICATION 


High concentrations of 2-nitropropane induced dyspnea, cyanosis, prostration, 
and a few convulsions, culminating in coma and death. Other symptomatic effects, 
observed only in cats, were lacrimation, salivation, and gastric regurgitation. The 
severity and the time of onset of the common signs of intoxication varied somewhat 
with the species and with the severity of the exposure. 

In most of the animals, irrespective of species, lethargy and weakness preceded 
the onset of prostration, which appeared at about the same time as did dyspnea. In 
the case of cats and rats, coma and death usually ensued shortly thereafter, but many 
of the rabbits and guinea pigs appeared to recover partially, although they died one 
to four days later. Occasionally twitching and a few running movements of the legs 
were observed immediately before death in animals that were exposed to the higher 
concentrations. Unsteady gait and partial loss of coordination were seen in animals 
that had been exposed for several hours to concentrations of intermediate intensity. 

Dyspnea was observed in cats exposed for several hours to the concentration 
of 1.17 mg. per liter (328 ppm), but no symptoms were observed among the other 
animals so exposed. No signs of intoxication were observed in any animals sub 
jected to 0.297 mg. per liter (83 ppm). 

Twenty-six animals that died within 9.5 hours after the initiation of an experi- 
ment had undergone slight losses in weight, which on the average amounted to 
2.8% of the initial weight, the maximum loss being 7.2%. With one exception, the 
losses on the part of 25 that died between 22 and 120 hours after the initiation of the 
experiment varied from 6.3 to 17.0% of the initial weights, the average loss being 
11.6%. Most of the animals that survived after one or two periods of exposure 
showed irregular, transitory losses in weight. 

With the exception of cats, most of the animals gained in weight after being 
exposed to 1.17 mg. per liter or 0.297 mg. per liter for seven hours a day on five 
days a week over periods of several months. 


PATIIOLOGY 

The pathologic changes observed in animals exposed to the concentrations of 
8.4 mg. per liter (2,353 ppm) or more were those of general vascular endothelial 
damage in all tissues, associated with pulmonary edema and hemorrhage, selective 
disintegration of the neurones of the brain, and hepatocellular damage. 

Cats that died after being exposed for several periods to the concentration of 
1.17 mg. per liter (328 ppm) exhibited microscopic evidence of severe parenchyma! 
degeneration and focal necrosis of the liver and slight to moderate toxic degeneration 
of the heart and the kidneys. There were varying degrees of pulmonary edema as 
well as intra-alveolar hemorrhage and interstitial pneumonitis. The tissues of the 
animals of other species which were exposed to this concentration were normal. 


= 
<5 
4 
its 
3 
4 
; 
q 
4 
: 
i 
the 
: 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


No pathologic alterations were found in the tissues of rats, rabbits, guinea pigs, 
or a monkey subjected to prolonged intermittent inhalation of air containing 2-nitro- 
propane in the concentration of 0.297 mg. per liter (83 ppm). However, a cat, 
killed two days after being exposed for the last time to 0.297 mg. per liter, had slight 
diffuse degeneration ‘in the brain, the heart, the liver, and the kidneys. Another cat, 
killed two months later, had normal viscera, suggesting that changes of this type 
and degree are reversible. 
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Chart 6.—-The formation of methemoglobin in animals exposed for one hour to 2-nitropropane 
vapor in air. 
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Chart 7.—The formation of methemoglobin in animals exposed for two hours to the 
vapor of 2-nitropropane in air. 


FORMATION OF METHEMOGLOBIN 


As a result of the inhalation of the vapors of 2-nitropropane, small amounts of 
methemoglobin © were formed in the blood of rabbits and considerably greater 
amounts in the blood of cats. 


When cats were exposed to high concentrations for one or two hours, the extent 
to which hemoglobin was converted to methemoglobin was related to the severity 
of the exposure, as shown in Charts 6 and 7, respectively. About 60 to 80% of the 

6. Treon, J. F.; Deichmann, W. B.; Sigmon, H. E.; Wright, H.; Witherup, S. O.; 
Heyroth, F. F.; Kitzmiller, K. V., and Keenan, C.: The Toxic Properties of Xylidine and 
Monomethylaniline: I, The Comparative Toxicity of Xylidine and Monomethylaniline When 
Administered Orally or Intravenously to Animals or Applied upon Their Skin, J. Indust 
Hyg. & Toxicol. 31:1, 1949 
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total pigment of the blood of the cat was converted to methemoglobin under the 
severest conditions. In the rabbit only + to 8% was so altered under corresponding 
conditions. In cats 25 to 35% of the hemoglobin of the peripheral blood was changed 
to methemoglobin when 2-nitropropane was inhaled in the concentration of 2.7 mg. 
per liter ef air for 4.5 hours. 


In rabbits exposed to the concentration of 5.0 mg. per liter for six hours on five 
days a week, about 15 to 23% of the hemoglobin was converted to methemoglobin, 
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Chart 8—The formation of methemoglobin in animals exposed on five days a week to 
2-nitropropane vapor in air. 
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SERIAL DAY AFTER EXPOSURE 


Chart 9.—The formation of Heinz bodies in rabbits exposed for a single period to 2-nitro- 
propane vapor in air. 


whereas an equivalent change occurred in the blood of cats exposed for seven hours 
a day to only one-fifth of this concentration (Chart 8). 


FORMATION OF HEINZ BODIES 


The method of enumerating Heinz bodies in the erythrocytes has been described 
previously.” 

After rabbits had been exposed for a single period to a high concentration of 
2-nitropropane, a high percentage of the erythrocytes contained Heinz bodies, as 
shown in Chart 9, which also reveal their slow rate of disappearance. The greater 
ease with which these bodies are formed in the erythrocytes of cats is shown in 
Table 2. A concentration as low as 0.297 mg. per liter induced the appearance of 
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5 to 15% of the erythrocytes ; at 
times, during prolonged exposure to this concentration, 30 to 35% of the erythro- 
cytes contained these abnormal structures. 


Heinz bodies in the erythrocytes of cats, usually in 


Paste 2—Occurrence of Heimz Bodies in the Erythrocytes in the Peripheral Blood of Animals 


vposed for Varying Periods to Volatilized 2-Nitropropane in Varying Concentrations in Air 


Percentage of Erythrocytes 
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Chart 10.--The effect of intermittent inhalation of 2-nitropropane 


function Ol Cats as 


vapor on the liver 
measured by the prothrombin test (method of Kato). 


EFFECT ON THE PROTHROMBIN CONTENT 
OF THE BLOOD OF CATS 

Cats exposed repeatedly to air containing 1.17 mg. per liter showed an impair 
ment of liver function as measured by a slight modification of the method of Kato.‘ 
The time required for clotting of the blood of two cats exposed to this concentration 
ior seven hours per day on a number of days increased to 40 and 50 seconds, respec- 
tively, compared with 24.0 and 23.5 seconds, respectively, prior to the exposure 
(Chart 10). In order to portray the gradually diminishing rate at which the liver 
supplies the blood with prothrombin, the day-to-day diminution of the clotting power 
of the blood of each animal has been expressed in percentage and related to the 


7. Kato, K.: Microprothrombin Test with Capillary Whole Blood: Modification of Quick’s 
Quantitative Method, Am. ]. Clin. Path. 10:147, 1940 
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variation in the results obtained in the blood of a control animal on the same days 


through the use of the same sample of thromboplastin. 


2-Nitropropane failed to induce any alterations in the hematopoietic response so 


lar as these might be revealed by changes in the peripheral blood. 


SUMMARY 


The following concentrations of 2-nitropropane, expressed first as nulligrams 


per liter and secondly as parts per million (ppm), were the highest that were tol 


erated for 4.5 hours by the respective species of animals without noteworthy imme- 
diate or after effects: cats, 1.17 (328); rats, 2.55 (714); rabbits, 5.00 (1,401) ; 
guinea pigs, 8.5 (2,381). Under the same conditions the lowest lethal concentra- 


tions were, respectively : cats, 2.55 (714); rats, 5.4 (1,513); rabbits, 8.5 (2,381); 


guinea pigs (5.5 hours), 16.5 (4,622). Lethal effects resulted from shorter periods 


of exposure when concentrations were higher. 


The lowest lethal concentration and the shortest period of exposure thereto for 


the respective species of animals were the following : cats, 1.17 mg. per liter (3 7 


hours) ; rats, 4.8 mg. per liter (7 hours) ; rabbits, 4.7 mg. per liter (3 x 7 hours) ; 


and guinea pigs, 16.5 mg. per liter (5.5 hours). 


Rats, guinea pigs, and a rabbit inhaling the vapor at the concentration of 1.17 mg. 


per liter (328 ppm) survived 130 seven-hour periods of exposure given at the rate of 


5 per week. Other rabbits and a monkey survived also, but their exposure was less 


prolonged, since they were introduced into the experiment during the final 95 to 
100 days. 


\ll animals in a group including cats, rats, rabbits, guinea pigs, and a monkey 


exposed to the concentration of 0.297 mg. per liter (83 ppm) for seven hours on each 


of 130 days over a period of 191 days survived. 


Sufficient concentrations of 2-nitropropane gave rise in exposed animals to 


dyspnea, cyanosis, prostration, and convulsions, culminating in coma and deatn i 
Other symptomatic evidences of inhalatiog of this compound on the part of cats 
were lacrimation, salivation, and gastric regurgitation. : 


The pathologic changes found in animals subjected to the inhalation of air con 


taining 8.4 mg. per liter (2,353 ppm) or more were those of general vascular 
endothelial damage in all tissues, in association with pulmonary edema and hemor 
rhage, selective disintegration of the neurones of the brain, and hepatocellular 


damage. 2-Nitropropane did not induce pathologic alteration in the tissues of rats, 


rabbits, guinea pigs, or monkeys exposed to air containing either 1.17 mg. per liter 


(328 ppm) or 0.297 mg. per liter (83 ppm). However, the higher of these two 


concentrations caused severe damage in the liver and induced slight to moderate 


toxic degeneration of the heart and the kidneys in cats. Slight reversible effects 


were noted in the tissues of cats that were examined without delay after being 


exposed to the lower concentration (8&3 ppm). 


Inhalation of the vapor of 2-nitropropane resulted in the formation of methemo- 


globin and Heinz bodies and a reduction of the apparent prothrombin content of 


the blood in cats. The first two effects were observed in lesser degree in rabbits. 


Systematic observations on human subjects exposed to 2-nitropropane vapors 


would be required to establish safe limits for their prolonged exposure, but concen- 
trations of the order of 0.18 mg. per liter (50 ppm) of air might be considered 
tentatively to be tolerable. 
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THE SPIRAL SAMPLER—A NEW TOOL FOR STUDYING 
PARTICULATE MATTER 


CHARLES D. YAFFE, MS. 


ANDREW D. HOSEY, B.S. 
AND 


JOHN T. CHAMBERS Jr., B.S. 
CINCINNATI 


NEW instrument has been developed which, it is believed, will facilitate studies 
A of particulate matter, especially with regard to particle size distribution. With 
this instrument, particulate matter, such as dust, is collected on a strip of film with 
the particles automatically distributed essentially by size. The largest particles are 
at one end of the strip and the average particle size decreases along the strip so 
that only the smallest sizes are found at the other end. 

In this instrument the air to be sampled is passed through a spiral path from 
which particulate matter is removed by centrifugal force which is constantly increas- 
ing because of (1) the progressively smaller radius of curvature (Fig. 1) and (2) 
the progressively greater air velocity resulting from constriction of the passage. 

If air is passed into the spiral, it is forced to follow a path of decreasing radius, 
1 Ro Particulate matter suspended in the air has a tendency, 
proportional to its mass, to resist the change in direction. The heavier particles, 
therefore, will be thrown against the spiral between points a and >. The constantly 
decreasing radius will cause progressively lighter particles to strike the spiral as 
the air moves from b to ¢ to d. 

If the surface of the spiral which the particles strike is coated with an adhesive, 
the particles should be trapped at the point where they strike. A test instrument 
was constructed containing such a spiral enclosed on the sides, with the air being 
removed through an opening at the center. The spiral was lined with a strip of 
film coated with an adhesive, and dusty air was drawn through the instrument. The 
results confirmed the supposition stated above, a separation of particulate matter 
according to size being substantially effected. 

The collection efficiency for small particles was not too good in the first tests 
conducted. The efficiency increased as the rate of air flow was increased, but 
considerable dust escaped the instrument at a flow of 1 cu. ft. per minute (cfm), 
which was selected as a convenient rate to use. After increasing the velocity by 


decreasing the dimensions as much as seemed practicable, it was decided to constrict 


From the Division of Industrial Hygiene, United States Public Health Service, Federal 
Security Agency (Mr. Yatfe, Senior Sanitary Engineer, and Mr. Hosey, Sanitary Engineer 
{Reserve]). Mr. Chambers was formerly Junior Assistant Sanitary Engineer in the Division 
of Industrial Hygiene, United States Public Health Service. 
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the path of the air further by addition of a second spiral inside the first one, with 
the air passing between the two spirals. ._ This was done as illustrated in Figure 2. 

The spirals used are both spirals of Archimedes. (An Archimedes spiral is the 
path of a point moving outward at a uniform rate along a radius which is rotating 
at a uniform angular velocity.) In this instrument the outer spiral is the path of a 


point moving outward 0.1 in. (2.5 mm.) for each 30 degrees of angular rotation. 
For the inner spiral the point moves 0.1 in. for each 45 degrees of angular rotation. 


b 


Direction of 
air flow 


Fig. 1—Archimedes spiral. 


Fig. 2.—Spiral used—actual size. 


The addition of the second spiral resulted in much greater collection efficiency. 
The best arrangement for spacing between the two spirals was determined by trial. 
Efficient collection of the smaller particles requires a very narrow opening near the 
center of the spiral and the smallest practicable radius of curvature. The latter is 
limited by the flexibility of the film strip used to collect the dust. There is little 2 
advantage in extending the spirals to a greater length, since collection of the large : 
particles presents no problem. 
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Several experimental models were constructed. Figure 2 is an actual-scale 
drawing showing the positioning of the spirals found to give the best results. The 
inner spiral in this case was modified very slightly near the center in order to reduce 
the spacing at the narrowest point. Consequently, the inner curve is not an exact 
\rchimedes spiral. The outer curve, on which the sample is collected, is a true 
spiral of Archimedes. 

The spiral was cut from '4-in. (6.35-mm.) lucite” with a coping saw and 


emery cloth. Care must be exercised in cutting, particularly near the center of the 


& 


Nig. 3.—4, various components of the spiral sampler; B, assembled spiral sampler. 


spiral. \ satisfactory spiral can be made from lucite* in two to three hours. For 


quantity production, the spiral could probably be made more rapidly by casting in 
plastic or metal. 


Figure 3.1 shows the various parts of the sampler. In back are the spiral and 


the enclosing sides, the one on the right having the outlet tube which connects to 
the source of suction. 


\ strip of sampling film may be seen propped against the 
left side. In front are the two tapered dovetail clamps and, between them, the small 
metal spring clip which holds the film strip in position. This clip slides between 
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guides attached near the entrance to the spirai. Instead of using the tapered dove- 
tail clamps, the instrument can be bolted together. 
Figure 3B shows the assembled sampler, which is approximately 3 by 214 by 


$4 in. (7.5 by 5.5 by 2 cm.) in size. 


. 


20 42 70 
DISTANCE IN MM FROM. ENTRANCE 


Fig. 4—Composite photomicrographs of (4) foundry dust collected on film strip coated 
with adhesive, (2) chromite ore (no adhesive) and (C) tripoli dust (no adhesive) at indicated 
distances from entrance of spiral sampler. About x 65. 


The film strips used to collect the dust were cut from 0.0075 in. Eastman koda- 
pak® clear film. The strips are 0.25 in. (6 mm.) wide and about 4.65 in. (11.8 em.) 
long. 

Various adhesive coatings were tried on the film strips. The most satisfactory 
materials found were cedarwood or balsam oils. The oil was dissolved in xylol in 
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a ratio of about 1 to 10. This mixture was filtered through a sintered glass filter 
to remove any dust particles. The strip to be coated was held with one hand and 
covered with a few drops of the solution. The excess was shaken off and the strip 
held in the air a few moments until dry. The strip can be inserted at the inlet end 
and pushed into place, but removing one side of the instrument and placing the 
strip im position from the side reduces the danger of smearing the adhesive. 


\iter the sample has been collected, the strip is placed between two microscope 


slides, held together with strips of scotch® cellulose tape. Thus mounted, it may 


he kept indefinitely. Since the strip is longer than the slide, it may be cut in two and 


the two pieces placed on the same slide. If oil immersion magnification is desired, it 


Is necessary to cover the strips with thin cover slips instead of microscope slides. 


30 50 68 86 II7 
A . 


20 35 50 70 90 108 
B 


Composite photomicrographs of (4) foundry dust (no adhesive) and (B) outdoor 
ir dust (no adhesive) at indicated distances (in millimeters) from entrance of spiral. About 


x 65. 


Fig. 5. 


Figure 4.4 shows a composite of three photomicrographs of a sample collected 
on a film strip coated with adhesive. The large particles shown on the left were 
collected 30 mm. from the entrance end of the strip, those in the center at the 
middle of the strip (60 mm. from the entrance), and those on the right 90 mm. from 
the entrance. This demonstrates the effectiveness of separation. 

xamination of Figure 44 shows the dust to appear as essentially spherical 
particles. Since the dust in question was foundry dust, it was known that this was 
not the case. The round spots seen are presumably due to craters formed as the 


dust is embedded in the adhesive. This presents a problem since the true shape 
and size of the particles cannot readily be determined. 
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To overcome this drawback, samples were collected on uncoated film strips with 


the hope that static charges on the particles would hold them to the strip at the 
point of deposition. The results obtained were most gratifying, the dust being 
collected and separated just about as well without the use of an adhesive. This 


observation was substantiated by examination of the impinger samples described 
elsewhere in this paper. The difference in appearance is shown by examining the 
composite photomicrographs in Figure 4B and C. From these it is apparent that 


TABLE 1—Sampling of the Dusts Shown in Figures 4 and 5 


Vol. of Air Dust Con- Length of 
Sampled, centration, Sampling 
Figure Type of Dust Cu. Ft. Mppef * Period a 
5A 1 35 1 min. 
5B 180 0.05 3 br. 


* Millions of particles per cubic foot of air as determined by light fleld counts of impinger samples. 
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Fig. 6.—A, particle size distribution of outdoor air at 35, 70, and 105 mm. from entrance 
of spiral; B, particle size distribution of chromite ore dust at 30, 60, and 90 mm. from entrance 
of spiral. 


the true size and shape of the particles can be more easily determined on the 
uncoated strip. The lines in these figures are the small squares of a Whipple disc. 

A and B in Figure 5 are composite photomicrographs of other samples showing 
dust deposited on uncoated film at varying distances from the entrance end of the 
spiral. Information regarding these samples is given in Table 1. 

Figure 6A shows particle size distribution at the three points illustrated in 
Figure 5B. These curves were determined by measuring 200 particles at each 
point. The filar micrometer method was employed with the 97 » oil immersion 
objective. Similar data for Figure 4B are presented in Figure 6B. 
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Study of Figure 6.4 reveals the information set forth in Table 3. Similarly, 
examination of Figure 6B yields the information given in Table 2 regarding the 
three points shown in Figure 48. 


From a comparison of 4 and B in Figure 6 it will be observed that the mean 


particle size at the 90 mm. point in B was smaller than at the 105 mm. point in 4. 
This difference is attributed to the high density of the chromite ore as compared 


TasBLe 2 


Effect of Distance from Entrance of Sampler on Mean Particle Size of 
Dust Collected (Based on Fig. 6A) 


Distance from Mean 
Entrance, Particle 
Mm Size, u 


Standard 

Geometric 

Deviation 
1.67 
1.68 
1.46 


se ose 145 


This sample 


was collected outdoors and no attempt was made to evaluate the mean particle size of the 
original dust 


Taste 3.—Efiect of Distance from Entrance of Sampler on Mean Particle Size of 


Dust Collected (Based on Fig. 6B) 
Distance from Mean 
Entrance, Particle Geometric 
Min Size, uw Deviation 
2.05 


Standard 


1.86 
1.43 


The original dust employed in collecting this sample had a mean particle size of 1.13, with a standard 
geometric deviation of 1.96 


Tasie 4.—Effect of Distance from Entrance of Spiral Collector on Number of 
Particles Collected 


Distance 
from Spiral 
Entrance, 


with that of outdoor dust. Particle size measurements were not made at the 105 
mm. point on the chromite ore sample, but it is to be expected that the average 


size at that point would be even smaller than at the 90 mm. point. 


For foundry dust, Figure 4C, not shown graphically, the median size collected 


near the outlet (117 mm. from the inlet) was found to be 0.65 p», with a standard 
geometric deviation of 1.6. 


The median size near the center of this strip was 1.2 p, 
with a standard geometric deviation of 2.3. 

The number of particles per unit area increases as the air passes through the 
spiral. For example, the number of particles in bands 20 » wide were counted across 
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one-third of the width of the strip at various locations on the foundry dust sample 
shown in Figure 4C. These counts were made with a 43 X objective and 10 x 
eyepiece, and the light field technique. The results obtained are shown in Table 4. 


Similar counts on other samples showed about the same distribution and 
indicated that 90% or more of the particles are captured on the latter half of 
the spiral. 

With the spiral followed by an impinger in series, approximately 40 samples ot 
different concentrations of various dusts were collected from air flowing at the 
rate of 1 cim. Simultaneous samples were collected with another impinger having 
its inlet as close as practicable to the inlet of the spiral. Total dust concentrations 
were determined from this second impinger. 

Only very fine dust was ever found in the liquid of the impinger which followed 
the spiral, whether or not an adhesive was used. The number of particles found 
varied considerably, ranging from 0 to 50% of the total found in the other impinger. 
In most cases the number was 15 to 35% of the total dust count. Since the limit 


RESISTANCE ~- INCHES OF MERCURY 
° 


5 5 
AiR FLOW-CUBIC FEET PER MINUTE 


Fig. 7—Air flow vs. resistance of spiral sampler with film strip inserted. 


of resolution at the magnification employed was about 0.9 » only particles in a very 
narrow size range were found, as 1 » was about the largest size observed. 


The efficiency of collection can be increased by narrowing the distance between 
the two spirals and by passing the air through the shortest possible radius of 
curvature, and also by increasing the rate of flow. Doing this results, of course, in 
an increase of resistance. Very slight changes in spacing near the center of the 
spiral produce very appreciable changes in resistance. As stated previously, various 
spacings of the spirals were tried. The photomicrographs shown in this paper are 
all from samples collected with an instrument which had the spirals spaced exactly 
as shown in Figure 2. Figure 2 does not show the film strip in place. Since it is 
0.0075 in. thick, the opening during sampling is reduced accordingly. 

The resistance characteristics of the spiral shown in Figure 2 are illustrated 
in Figure 7. This curve was obtained with an uncoated film strip in place. Practi- 
cally the same curve was obtained when the strip was coated with an adhesive. 

Sampling thus far has been limited to a sampling rate of 1 cfm, with the thought 
that this rate could be conveniently obtained in the field with the suction equipment 
used for impinger sampling. There are no reasons why higher rates should not be 
used, provided too much dust is not collected. As can be seen from Figure 5A, 
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35 million particles produce a fairly dense deposit on the film strip. High rate 
sampling in heavy dust concentrations would have to be of short duration. 

Only limited studies have been made thus far on the performance and possible 
uses of this instrument. The primary purpose of this paper is to describe the 
instrument. The data presented are merely for the purpose of indicating the type 
of results obtainable. 

In general, the spiral should lend itseli to the same types of uses for which 
instruments like the cascade impactor are employed. The spiral differs from the 
impactor primarily in that it is designed to effect a continuous separation of 
particulate matter, rather than to divide it into specific fractions. 

The possibility that the spiral might be used for removal of air-borne organisms 
is being investigated, Results obtained will be reported in a separate publication. 

In the period during which this spiral sampler was being developed, Sawyer 
and Walton? described another instrument to accomplish the same purpose. This 
very interesting laboratory device employs a centrifuge with a special head attach- 
ment. It apparently does a very excellent job of separating particles according 
to size. 


SUMMARY 


A simple instrument has been developed with which particulate matter is col- 
lected on a strip of film with the particles automatically distributed, essentially by 
size. This is accomplished with centrifugal force by passing the matter through 
a spiral path at high velocity. While an adhesive coating may be used on the film, 
dust has been found to adhere satisfactorily to the uncoated film. Only limited 
performance data have been obtained thus far, and further studies are planned to 
determine efficiency and possible uses. Preliminary tests indicate good separation 
of dust by size and almost complete removal of particles above 1 ». Good collection 
of particles down to 0.5 » or less has been obtained. 

In the construction of the various experimental models the authors had the assistance of 
Mr. Oscar Marsh. Messrs. H. H. Jones and J. P. Sheehy prepared the drawings and helped 


with the tests. 


1. Sawyer, K. F., and Walton, W. H.: The ‘Conifuge’—-A Size-Separating Sampling 
Device for Air-Borne Particles, J. Sc. Instruments, London 27:272 (Oct.) 1950. 
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MANAGEMENT OF THE OLDER EMPLOYEE WITH MEDICAL PROBLEMS 


RUFUS BAKER CRAIN, M.D., M.P.H. 
ROCHESTER, N. Y. 


A’. OF us have heard it said that the care of people with chronic disease is 
the greatest challenge facing medicine today. Its economic effect on society 


cannot be estimated. The management of this group in industry is a many-sided 
problem. 

In discussing the Eastman Kodak Company's medical management of the older 
employee, I shall cover brietly the Company's procedure in the selective placement 
of older employees; the accident and sickness rates; the handling of the older 


person’s nutritional, personality, and cardiovascular problems, and, finally, a word 
about the Company’s retirement policy and preparation for retirement. 
In this presentation, the 


‘older employee” is arbitrarily designated as one whose 
age is 40 years or over. 


JOB ANALYSIS AND PLACEMENT 
Selective placement of new employees by the medical department of the Com- . 
pany was for a number of years based on rather-brief information regarding job “4 
requirements and work environment, furnished by the employment department. 
Company physicians made occasional plant visits, especially when some particular 
problem about an employee's work arose. In the last two years, members of the ve 
medical staff have acquired first-hand knowledge of jobs by making systematic job Jog 
surveys with personnel from the safety department, the wage standards department, 
and the operating department. The code which we are using for the collection of 
data is patterned after the War Manpower Commission form No. 1 (Chart 1). 
The explanation of the code used in form No. 1 is as follows: 
The letters 4, B, and C have to do with the amount of physical effort required 
on a job; also, with the degree to which an employee is exposed to a working 


condition, such as heat. The numbers / to 5 indicate the degree or percentage of 
time that an employee is using his eves, hands, or feet in performing an operation ; = 
also the degree or percentage of time that he is exposed to certain factors in this 

working environment. These forms, stressing physical requirements and job envi- 

ronment, have been added to job descriptions, and the total information is made 

available to the physicians of the medical department. Thus it is possible to match s 
physical capacities with work requirements. These surveys have disclosed a number 
of jobs not previously recognized as suitable for the older or impaired worker. For 
From the Medical Department, Eastman Kodak Company. 

Read in part before the Second International Gerontological Congress, St. Louis, Sept. 12, 
1951. 

Dr. Crain is Medical Director, Kodak Office and Camera Works, Eastman Kodak 
Company. 
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example, in the Physical Demands lorm, it is evident that an apprentice instrument 
maker can work with an artificial hand or toot and can have a deficit in hearing 
if the latter does not interfere with his receiving instructions. However, though it 
would be possible for him to have an artificial hand and qualify as a Grade B or C 
instrument maker, he would not be able to qualify as a master instrument maker. 
Some latitude is allowed also in visual requirements (at least 20 40 in each eye). 
Color vision is not required. 


PERIODIC EXAMINATION AND FOLLOW-UP 

This job analysis method is valuable in making the proper placement of older 
employees with conditions such as cardiovascular disease, diabetes, arthritis, arrested 
pulmonary tuberculosis, amputations, defective hearing, and vision, etc. Employees 
with these conditions are termed Class I'l employees, because their impairments 
limit their activities. There is an ever-present problem of how to arrange suitable 
work for these employees, and the job-analysis forms are of great assistance. Later, 


THOUSAND THOUSAND 
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ALL AGES UNDER 30 10-39 60 & 


50-59 
Chart 2.—Age-group distribution of the total number of men and of the total number 
ot women employed by the Eastman Kodak Company, Rochester, N. Y., in 1950. 


I shall discuss methods used in the management of these Class III employees with 
cardiovascular disease. 


SICKNESS AND INJURY RATES BY AGE GROUPS 


My associates and | wondered how age affects the sickness and accident records 
of the employees. Chart 2 gives the age-group distribution of the men and the 
women employed by the Eastman Kodak Company in Rochester, N. Y. The figures 
shown are based on the annual census of employees taken at the beginning of each 
vear. In the chart the total number of employees and the number in the various 
age groups are averaged for the year 1950. The averages are based on figures 
obtained at the beginning and the end of that year. 

These data reveal that on the average in 1950 the Company's Rochester 
employees totaled approximately 30,000. Of this total, approximately 70% were 
men. Men 40 years and over, constituting the “older” group of employees, num- 
hered approximately 9,400 and were 44% of the total number of men. Among the 


women 2,300, or 26% of the total number of women employed, were in the “older” 
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age category of 40 years and over. The “older” employees thus made up about 
39% of the total number of employees in 1950. The data shown in this chart give 
a representative picture of the distribution of employment by age group. 

Charts 3 and 4 are related. Chart 3 gives the frequency rate of absence due to 
sickness and nonindustrial injury among the hourly paid employees, while Chart 
4 gives the average number of days lost per employee in that group resulting from 
sickness and nonindustrial injury. The average number of days lost per employee 
is referred to as the disability rate in the force. Our figures for 1950 were not 
available when these charts were prepared, and so the 1949 experience is shown. 
These two charts deserve special comment, since under our plan for hourly paid 
employees a week's waiting period prior to the receipt of sick benefits is required. 
Thus the data shown relate to compensated absences lasting eight calendar days or 
longer. Disability days are calendar days lost from the date the absence began to 
the date of the employee's return to work, or to the 189th day inclusive. The latter, 
in addition to the one week’s waiting period, is the longest available duration under 
our plan. 
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Chart 3.—Number of absences in 1949 for illness or nonindustrial injury lasting eight or 
more calendar days per 1,000 hourly paid men and per 1,000 hourly paid women, considered by 
age groups 


In the vear 1949 all of the regular hourly paid employees who qualified for 
sickness allowance aiter the completion of three months or more service are referred 
to as “eligible employees.” 

It should be emphasized that in these two charts the data exclude cases of minor 
illness and nonindustrial injury lasting one week or less. If the short-term cases 
were to be included, the age-group pattern of absence frequency would be quite 
different from that shown. Data of the Division of Industrial Hygiene, United 
States Public Health Service, indicate that the frequency of illness and nonindustrial 
injury decreases with age when one-day or longer cases are considered.' The data 
which are shown in Chart 3 respecting the frequency rate of absence, however, 
accord with that division's published experience on cases lasting eight calendar days 
or longer. When only the cases of longer duration are considered, it is found that 
the frequency rate of absence increases with age. Apparent from Chart 3 is the fact 

1. Gafafer, W. M., and Sitgreaves, R.: The Age Factor in Disability Morbidity, 1940-1944, 
Pub. Health Rep. 60:1447-1462 (Dec. 7) 1945. 
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that among male employees the number of absences per year lasting eight calendar 
days or longer increases in the “older” age groups. In the age group of 60 and over, 
the absence frequency rate is nearly three times that for men under 30 and almost 
double that for all male employees of all ages. 

Among women employees the frequency rate of sickness and nonindustrial 
injury absence is high throughout the range of ages, without a clearly defined trend. 
In the age group of 60 and over, the frequency rate of absence cases lasting eight 
or more calendar days is actually somewhat lower among women than among men. 
A factor relating to this relative experience in the oldest age group may be the 
greater tendency for men to work to longer ages as a group than women. Of the 
men 60 and over, 2% represent men of ages 70 and above. This percentage is 
negligible for women. 

Inasmuch as men constitute nearly three-quarters of the eligible hourly paid 
employees, we attach considerable significance to their rising rate of absence fre- 
quency as age groups extend. 
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Chart 4.—Number of days lost per eligible employee in one year because of sickness or 
nonindustrial injury lasting eight or more calendar days. (“Eligible employees” are those who 
qualified for sickness allowance after completion of three months or more of service.) 


Further information can be gained from Chart 4 with regard to average dis- 
ability due to sickness and nonindustrial injury lasting eight calendar days or more. 
It will be noted that on the average for all employees men lose slightly less than 
eight days per person per year, while women lose in the neighborhood of 14 days. 
With advancing age, the number of days lost per person shows an increase both 
among men and among women. Men 60 vears of age and over in 1949 showed an 
average loss of approximately 21 days per year due to sickness and nonindustrial 
injury. mong women, the oldest age group had an average loss of nearly 19 days. 
It is obvious from these figures that age is a factor contributing significantly to the 
sickness disability rates. This is further borne out by the fact that men 40 years 
and over lost nearly two and three-quarter times as many days per person as those 
under 40. Likewise, older women (40 and over) lost nearly one and three-quarter 
times as many days per person as younger women (under 40). 

Turning to the question of industrial injuries—Chart 5 shows that in 1950 the 
factor of age was not necessarily a leading problem. This chart shows the number 
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of lost-time injury cases per 1,000 employees. The data cover both factory and 
office employees. The numbers of lost-time (or disabling) injuries have been pre- 


pared according to the American Standards method of computing rates for lost-time 
injuries, In this case, however, the rates are computed on a per 1,000 employee 


basis, .\ccording to this limited experience, the rate of disabling injuries is roughly 


the same in all age groups. Careful following of the placement of employees of the 
more advanced age group may contribute to this experience. 

Various studies of the industrial-accident experience indicate that the effect of 
business conditions is important with regard to the industrial-accident rates. These 
studies show that in periods of reduced employment, injury frequency rates of 
industrial concerns generally decrease.* For this reason, Chart 5 should just be 
considered as illustrative of our experience during the year 1950. Since the Com- 
pany has a low lost-time injury rate as compared with many industries, an average 


of five years’ experience or some longer period might be a better basis for gener- 


[] women 


WH 


Y 


Y 


> 


XX 


ALL AGES UNDER 30 30-39 ug 60 & OVER 


* FREQUENCY @ATE WOT CALCULATED LESS THAN 5 INJURIES 


Chart 5.—Number of lost-time 


industrial injuries per 1,000 employees per age group of 
men and of women in one vear, 


alizing on the occurrence of industrial accidents in various age groups. The figures 


for a study covering a longer period are not presently available. 


NUTRITION PROGRAM 


The nutrition department of the Eastman Kodak Company had its beginning 
nearly 29 vears ago, with the appointment of the first nutrition adviser in 1922. 
There are now a director and three assistant dietitians who, with the guidance of 
the medical director, serve the main office and four Eastman Kodak Company 
plants in Rochester. 


This department provides (1) an educational program which includes the 
preparation of food exhibits and leaflets for the medical department’s waiting room 
and articles for the Company newspaper, which is mailed directly to employees’ 
homes; (2) “counseling of the managers of the in-plant cafeterias and service dining 
rooms regarding the provision of nutritious food at a reasonable cost”; also, indi- 


2. Kossoris, M. D.: Industrial Injuries and Business Conditions: abstracted, Management 


27: 297-298 ( Sept.) 1938 
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vidual counseling with employees referred by physicians and nurses or with those 
who come voluntarily; (3) an administrative course in industrial nutrition for 
dietetic interns. 


This course lasts one year and is limited to eight students. In 1951, one of the 
dietetic interns chose as her thesis “.\ Study of the Dietary Needs and Practices 
of the Normal Aged.” After a careful review of existing literature on the subject, 


she was compelled to state that “very little definite information as to the specific 
needs of the aging and aged, beyond that which 1s known concerning the require- 
ments of the normal young adult, has accrued in the brief period during which 
awareness of the problem has arisen.” She pointed out the great need of further 
studies of the nutritional requirements of older people. 

While it is not possible to obtain figures showing the age distribution of 
employees seen in the nutrition department on a follow-up of specific conditions, it 
is certain that many older employees referred because of such conditions as over- 
weight or underweight, osteoarthritis, or arterial hypertension, have been greatly 
benefited by proper diets. The same deficiencies, lack of sufficient protein, mineral 
salts, and vitamins, have been observed as by other writers.° Dental difficulties, lack 
of teeth, or improperly fitting dentures have contributed to protein, iron, and 
vitamin deficiencies by making difficult or impossible the mastication of meat or 
vegetables. 


PERSONALITY DISORDERS 


For a number of years, management has been interested in the problems of 
adjustment in employees. In 1945, the Eastman Kodak Company cooperated with 
several other companies in producing eight sound slide films entitled “The Super- 
visory Development Series.” The last three films deal with problems of human 
nature. They are “The Will to Produce,” “Understanding People,” and “Individual 


Adjustment.” In addition, as a result of its war experience, the Company developed 
a program in human relations which deals with problems of individual adjustment 


which are complicated by anxieties or emotions. By 1949, this material was incor- 


porated in three sound slide films entitled “The Nature of Fear and Worry;” “The 
Nature and Effects of Harmful Worry,” and “The Supervisor and the Worried 
Employee.” 

These films have been used in the instruction of supervisors, staff physicians, 
and nurses, and have greatly helped to bring about a better understanding and 
handling of the worried and anxious employee. 

More recently, to give practice in and to make more realistic the application of 
the methods advocated in the films, role playing has been introduced. These records 


represent different personnel problems discussed by supervisors and employees 


and set a pattern for interviews which are carried out by members of the group. 


3. Murray, W. D.: Extensive Nutrition Program at Eastman Kodak Company Aims to 
Improve Health and Morale of Employees, Indust. Health Month. 11:79-80 (May) 1951. 

4. Hornburg, S.: A Study of the Dietary Needs and Practices of the Normal Aged, 
unpublished, 1951, p. 1. 


5. Chope, H. D.; Dray, P. H., and Dray, S.: The Nutritional Status of the Aging: 
Public Health Aspects, Calif. Med. 74:105-107 (Feb.) 1951. Steigletz, E. J.: The Second 
Forty Years, Philadelphia, J. P. Lippincott Company, 1946, pp. 169-171. Champton, C. W.: 
Dietary Aids and Dangers for the Aging, Pub. Health Nursing 41:320-326 (June) 1949. 
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In 1946, as a result of a growing feeling that the medical department needed a 
psychiatrist to help handle psychiatric problems, Dr. Ralph T. Collins was appointed 
part-time psychiatrist and neurologist. 


We feel that the preventive aspects of this psychiatric program are foremost and ‘ 
that a continuing education in the psychologic and psychiatric approach to employee fe 
problems is necessary for all levels of management. A major share of Dr. Collins’ 
time has been devoted to planning this program, which is now being carried. out 
under his direction and leadership. I should like to emphasize that no attempt is 
made to have supervision give more than “first aid” to the emotionally disturbed 


Tasie 1.-—Analysis of Incidence of Psychological Disturbance Among Employees of the 
Eastman Kodak Company, Rochester, N. Y. Period: 3/21/46 to 3/21/50 - 
Employees Under Age 40 Employees Aged 40 and Over se 
(Total of 249 Employees) (Total of 136 Employees) ee 
Diagnoses Diagnoses 
Per Cent Per Cent 
Number of Total Number of Total 
1. 230 100% 1. 101 100% 
9% 15 15% 
Personality disorder........ 15 7% Personality disorder........ 7 7% 
Others.. 32 14% 7 7% 
16 16% 
Schizophrenia............... 9 53% Manic-depressive depression 7 39% 
Paranoid reaction........ 3 7% 
ag 
3. Psychopathic Personality.... 100% S. bl 100% : 
4. Neurological disorders........ 31 100% 4. Neurological disorders........ 26 100% ¥ 
Encephalopathies........... 7 23% No outstanding conditions 
77% 
5, Not yet diagnosed..,......... 13 100% 5. Not yet diagnosed........ ; 6 0% 
\ 
6. Miscellaneous................. 100% G. 4 100% 


employee. This is administered through the medium of a friendly interview, with 
the supervisor in the role of a listener rather than an interrogator. 

Through the courtesy of Dr. Collins, I have been privileged to have analyzed 
the diagnoses of 385 employees, taken from his confidential file and covering a four- 
year period from March 1946 to March 1950. These employees were referred 
directly by staff physicians, and in a number of instances the referrals were suggested 
to staff physicians by nurses and supervisors. Among these were employees having 
rather severe symptoms which demanded clarification and treatment. A number of 
these employees lost time and were referred to their family physicians. The milder 
psychoneuroses or psychosomatic symptoms, especially where a work situation is 
responsible, represent the majority of personality disorders encountered in indus- 
try. Many of the complaints about work, on further investigation, turn out to be 
emotional disturbances inherent in home situations and upbringing, perhaps aggra- 
vated by the pressure of production, These cases are handled by staff physicians 
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without necessarily being cleared through Dr. Collins. Conferences are held with 
the supervisor of the employee concerned whenever indicated. In Table 1, for 
purposes of comparison, diagnoses of the employees under 40 and diagnoses of 
those above 40 years are listed separately. I should like to stress the fact that these 
diagnoses are multiple in most cases. For instance, an employee with a psycho- 
neurosis may also have a psychopathic personality. 

It is evident that in both age groups the diagnosis of psychoneurosis predomi- 
nates, with the anxiety type of neurosis leading. This state of anxiety stems, of 
course, from a wide variety of situations both at work and at home. In either group 
the number of psychoses and neurological disorders is not impressive. The term 
“psychopathic personality” was applied to 90 persons under 40 and to 51 over 40. 
The inadequate and immature types predominate. The remainder of the conditions 
in both groups are divided between a few miscellaneous disorders, such as meno- 
pausal syndrome, speech disorder, back disability, ete., and a number of cases the 
diagnosis of which was not complete at the time the analysis was made. In this 
group of 385 employees, age does not appear to have had any striking effect on the 
type of personality disorder encountered. 


CARDIOVASCULAR DISEASE 


In a recent study,** Dr. Morris E. Missal and I, with the technical assistance of 
Miss Kathleen W. Wilson, reported our experience with 184 cases of myocardial 
infarction occurring in Eastman Kodak Company employees. Table 2 shows the 
ability of this group to return to work. “One hundred and forty-five, or 79%, of the 
184 employees returned to work after first infarctions. Ninety-five employees were 
still working at the closing date of the study; hence the total length of time these 
worked is indeterminate.”"” A higher percentage of employees who did not have 
arterial hypertension were able to resume work and worked for longer periods than 
employees who did have arterial hypertension. 

In Table 3 the influence of age on the incidence of infarction is shown. “Slightly 
more than 83% of the 95 persons still working had suffered infarctions in the 
fourth and fifth decades of life, and just under 10% had suffered infarctions in the 
sixth decade.’”** 

Close contact is maintained with the patients recovering from myocardial infare- 
tion throug’: discussions with their family physicians and through visits by the 
Company's nurses. 

When the private physician indicates that the employee has recovered to the point where 
he can return to work, the medical department arranges for an interview and examination. 
Our experience has. shown that best results are obtained in these cases if the patients are 
allowed liberal periods for convalescence prior to resuming work. Usually the employees 
are first returned to work on a part time basis.®4 

Every effort is made to have the employee return to his former occupation. In some cases 
where practical, this is accomplished by elimination of stressful features of the job. This, 
as a rule, assures the employee his regular wage and prevents his being separated from his 


friends and fellow workers. Under certain circumstances, decreased cardiac tolerance and/or 


6. Crain, R. B.; Missal, M. E., and Wilson, K. W.: (a) The Industrial Employee with 
Myocardial Infarction: His Ability to Return to Work, Arch. Indust. Hyg. 1:525-538 (May) 
1950; (b) ibid., p. 530; (c) ibid., p. 531; (d) p. 527; (e) p. 532. 
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nervous instability present problems in some types of factory work. In such cases an effort 
is made to persuade the employee that he should be satisfied with a somewhat reduced income 
in the interest of improved health 

\fter two or three weeks of part time work, the employee generally is returned to full 
time work. He is followed closely for several months after return to work Subsequently, 
periodic check-ups are made on a regular schedule every three to six months, depending on the 


circumstances of the particular case. All treatment is prescribed by the family physician 


except in emergencies 


Parte 2.—Influence of Myocardial Infarction on Employment 


Myocardial 
Infarction Myocardial Infaretion 
Without Infaretion with 


All Hyper- with Hyper- Multiple 
Diagnoses tension tension Causes* 


Myocardial 


No. % No No. 
100.0 100.0 4 100.0 


Total number of employees in group studied. 184 100.0 126 
Number and percentage who did not resume 
work 16.7 
Number and percentage who resumed work.. 
Working 12/31/48 
Normal retirement 8.7 
Total and permanent disability retirement is 
Death << 
Absent 


8.4 


for miscellaneous reasons$ 16 

The additional etiologic factors were rheumatic and thyroid heart disease 

Included in the group were four employees without arterial hypertension who were on sick leave. 
Two employees are included whose length of time worked is unknown 

This includes resignation and sick leave at the close of study. 


Paste 3.—Influence of Age on Incidence of Myocardial Infarction 


4 


Number of Employees Who Had Worked 
Employees the indicated Years 
Working 
Age at First Infaretion Up to 5tolO Wtols 15 to 2% 
Yr. (inel.) 5 Yr. Yr. Yr. Yr. 


1 


of 
oY 


—™ of total 


An attempt is made to analyze the employee's activities outside the plant. Suggestions are 


made for conservation of effort, so that home responsibilities and transportation problems do 
not tax the employee any more than is necessary. 


RETIREMENT 


\nd, finally, a brief word about retirement. As a matter of policy, normal 
retirement and full eligibility for benefits occur at age 65, commensurate with length 
of service, Most people may continue to work for the Eastman Kodak Company 
as long as their health and ability to do their jobs permit. The Company provides 
retirement annuities for men and women at age 65. After 30 years of service, 
employees may retire at age 60 with no actual reduction of 


annuity. “With the 
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Company's approval, employees who have attained the required service may retire 
up to 10 years earlier than their normal retirement ages. [:mployees with 15 or 
more years’ service who become totally and permanently disabled receive disability 
payments under the Company's plan up to normal retirement age, after which the 
regular retirement annuity payments are commenced. [Employees who subscribe to 
group life insurance are covered for disability payments to the extent of the face 
value of the life insurance carried,’ provided disability occurs before the com- 
pletion of 15 years of service. 

In the past four or five years, management has been increasingly aware of the 
problems of the aging employee. Early in the year, a committee was appointed to 
deal with the varied aspects of pre- and post-retirement periods. This committee 
has begun an educational campaign, starting with the industrial relations depart- 
ment in each plant, with plans to extend this program to supervision throughout 
the Company. 

Hobbies are encouraged. During the last three years, two hobby shows have 
been held at Kodak Office, Rochester, N. Y., and one in Kingsport, Tenn. 

One specific approach that we have recently started is to give each employee, 
five years before age 65, with possible retirement, a set of seven booklets, “My 
Time Is My Time,” by John Willard Reed (a publication of General Motors Com- 
pany). The author has a rare sense of humor and gives excellent suggestions on 
how to prepare for and live through the years of retirement. 


SUMMARY 


The medical management of the older worker (over 40 years of age) employed 
in the Rochester plants of the Eastman Kodak Company is presented. Emphasis is 
put on the value of selective job placement and follow-up of impaired workers. The 
method of job analysis is described. The Company's experience with accident and 
sickness rates in older employees is given. The benefits to employees of a compre- 
hensive program for the handling of nutritional and psychiatric problems is stressed. 
The experience with employees having cardiovascular disease is given in some 
detail to show how, with proper placement and follow-up, employees with various 
impairments may be satisfactorily employed. The Company’s policies of normal 
retirement and total and permanent disability retirement are outlined. Measures 
helpful in preparation for retirement are mentioned. 
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Abstracts from Current Literature 


General 


Tue InpustTRIAL HyGrene ProGram INDUstTRY. FRANK Patty, Am. J. Pub. Health 
41:8 (Aug.) 1951. 


The general purpose of various industrially supported industrial-hygiene programs is that 
of determining the causes and the extent of harmful environmental conditions and making 
recommendations for their remedy. The operation is wholly on business-like terms. Fringe 
investigations include outdoor air pollution, industrial-waste disposal, sanitation. The program 
is independent of, but cooperative with, the medical and safety departments. Factors influencing 
the scope of any particular program are the type of the industry, the size of the industry, the 
ability and experience of the personnel engaged in the work, the attitude of the top management 
and the community, and lastly an organization policy demanding direct contact between the 
department and the top-level executives. Expansion of the industrial-hygiene staff depends on 
the extent of the services desired. The approximate need is one industrial hygienist for 10,000 
workers at an approximate cost of $10,000 per hygienist a year. As compared with the services 
derived and the saving made by the industry from the program, the undertaking is very 
economical. Tangible results in the form of factual data, statistics, and improvements are the 


st means of evaluating the success selli 1e€ program. 
best means of evaluating the success and of selling the progr A. Sarpt, Boston. 


Opjectives, PRINCIPLES AND Practices oF INDUSTRIAL HyGIENE: CUMMINGS MEMORIAL 
Lecture. THeopore Hatcu, Indust. Hyg. Quart. 12:46 (June) 1951. 


In his Cummings Memorial Lecture Mr. Hatch reviews critically the present status of 
industrial hygiene and suggests methods for more effective utilization of its scientific techniques, 
medical and nonmedical. Although extensive technological developments require an increasing 
number of specialists, he stresses the fact that their interdependence and joint objectives must 
always be kept in sight. The concept of teamwork is emphasized from a professional and a 
personal viewpoint. The need for a positive approach in applying industrial-hygiene technology 
toward the improvement of the working environment constitutes a major theme of the address. 


R. Dennis, Boston. 


New DevecorMents INpustTRIAL HEALTH: REPORT FOR THE AMERICAN INDUSTRIAL 
HyGriene Association. ALLEN D. Branprt, Indust. Hyg. Quart. 12:64 (June) 1951. 


In a report for the American Industrial Hygiene Association, Brandt outlines recent develop- 
ments in the industrial-hygiene field. Toxicology, contaminant control, hazard evaluation, 
atmospheric pollution, radiant energy, radon, and miscellaneous topics are discussed. 

He points out that many serious industrial-health problems are yet unsolved, including those 


of noise, radiation, and toxic gases, dusts, and fumes. 
t gases, dusts, and fumes R. Dennis, Boston. 


New DevetopMents 1n INpusTRIAL HEALTH: REPORT FOR THE AMERICAN CONFERENCE 


OF GOVERNMENTAL INDUSTRIAL HyGieNists. Lester M. Perrig, Indust. Hyg. Quart. 
12:67 (June) 1951. 


Petrie emphasizes the increasing complexity of industrial hygiene problems facing govern- 
ment personnel. Legal and organizational trends in the study and control of air pollution, 
surveys in the field of ionizing radiation, investigations of new economic poisons, environmental 
cancer, and industrial mental-health problems are discussed. 


Activities of the Conference committees include establishment of codes of threshold limits 
for air-borne contaminants, good ventilation practices, and reviewing of testing and analytical 
methods for air pollutants. 

R. DEeNNts, Boston. 


: 
2 
| 
4 
ay 
A 
ag 
{ 
; 
} 
4 
a 
4 
82 
is 
— 


ABSTRACTS FROM CURRENT LITERATURE 83 


TRAINING AND CERTIFICATION OF INDUSTRIAL Puysictans. A. G. Kammer, Indust. Med. 
20 : 299-304 (July) 1951. 


Kammer discusses the specialty of industrial medicine and current graduate training. He 
reviews the problem of procuring certification for an American Board of Occupational Medicine. 


A training program for industrial physicians is outlined. Arnotp A. LEAR, Boston. 


IMPRESSIONS OF INDUSTRIAL MEDICINE AND SocitAt LEGISLATION IN ENGLAND, FRANCE 
AND Hotcanp. I. J. Gotpwater, Indust. Med. 20:316-322 (July) and 369-375 (Aug.) 1951. 


Part I discusses the present industrial medical program of England, which is much like that 
oi the United States. An in-plant medical service offered by a cooperative enterprise covering 
about 130 plants—90% of which employ fewer than 250—is described. This program is financed 
by the employer (less than half) and the Ministry of Health. Various compensation plans are 
extant and a Disabled Persons Employment Act provides that employers hiring over 20 persons 
employ a specified number of registered disabled persons. The official position of the British 
Medical Association is presented in two statements discussing the rules for industrial physicians 
and their relationship to family physicians. 

France is far ahead in certain phases of industrial health activities. Thorough examination 
and placement aids are available to all unemployed. The sickness insurance, in effect, com- 
pensates for 80% of medical costs—the individual paying the remaining cost. Industrial health 
services are compulsive regardless of the size of the business; this is facilitated by interenter- 
prise groupings. Other interesting features of their progressive concepts are outlined. 

The Hollanders have compulsory sickness insurance for employees earning less than a 
specified salary. The plans are supervised but not operated by the government. Other routine 
measures (plant inspection, preemployment examination, disability benefits, etc.) are described. 


ARNOLD A. Lear, Boston. 


Atritupes May Be Apoptep IN THE Dusious COMPENSATION CLAIM IN CALI- 
FORNIA. C. Lecco, Indust. Med. 20:364-368 (Aug.) 1951. 


Leggo discusses the present liberal compensation program, which, he suggests, has not followed 
a uniform practice. Execution of the provisions tends to be directed toward giving injured 
employees the benefit of the doubt without regard to proper medical criteria. He discusses the 
social science background of the problem and recommends that better understanding of the 
problem will improve measures for financial aid, medical care, and rehabilitation of the injured 


yorkman. 
— ARNOLD A. Lear, Boston. 


UNDERGRADUATE Teatuine OF OCCUPATIONAL MEDICINE IN AMERICAN AND CANADIAN 
MepicaL CoLtieces. E. W. Brown, J. A. M. A. 145:926-928 (March 14) 1951. 


The Council on Industrial Health of the American Medical Association conducted a survey 
of 71 American and 9 Canadian medical schools to determine the present teaching of occupational 
medicine on an undergraduate level. The accumulated data are presented and indicate that 
more time is being devoted to industrial medical education. 

Criteria for an adequate undergraduate course are discussed. At present only 18 of 61 
American schools and 5 of 9 Canadian schools are offering instruction meeting the minimum 


criteria set forth. ARNOLD A. Lear, Boston. 


Sprecratist Looks at Everypay 1N INDUstrY: OrtHOPEDICs, by H. J. 
Jr.; Psycuiatry, by F. O. Dur, and CarproLocy, by B. M. Overno t, J. A. M. A. 
146:1179-1187 (July 28) 1951. 


These papers present certain concepts of the authors regarding industrial problems. Dr. 
Billing discusses contractures of fibrous tissues leading to disability and absenteeism and describes 
mobilization techniques which help correct musculoskeletal aches. 

The industrial physician and his aides must be psychiatrically directed and be cognizant of 
the fact that various employee problems are related to physical distress. Dr. Due recommends 
that effort be directed toward assisting employees with their emotional disturbances. 
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Dr. Overholt emphasizes that persons with cardiac disease who show mild disability are 
good employable risks, and that provisions for continued employment of older workers be 
considered. In. addition, the need for further critical statistical studies of persons with cardiac 


disease in industry 1s stressed. Annoy A. Lrar. Boston 


Heattu MAINTENANCE IN SMALL PLants. L. M. Petrie, South. M. J. 44:555 (June) 1951. 


Petrie describes a recently initiated cooperative industrial health clinic program which is 
successfully operating in Georgia. Private industry asked for the plan; private industry pays 
the bills, and the medical and allied professions are developing and providing the specialized 
services 

This group plan, which is operating successfully and which is designed to render both medical 
and environmental health service to industry as well as to train new professional workers and 
provide research opportunities through the professional schools, is described in sufficient detail 
to be followed as a blueprint. When the program is fully developed, any employer, regardless of 
how small the number of his employees, can secure health-maintenance service comparable to 
the best of the wealthiest corporations. 

The basic philosophy of the program is: It is better to build a fence around the treacherous 
edge of the cliff than to have to maintain an ambulance down in the valley. Informed industry 
prefers a preventive program to the services of the traumatic surgeon or the undertaker. 

The plan outlined represents private enterprise in action, small industries joining hands with 


the unregimented professions in a positive program for health maintenance of America’s labor 
force. 


Tue Cost or EmMptoyee TO THE J. M. Trans. & Bull. Indust. 
Hyg. Foundation, 1950, No. 15, pp. 59-81. 


This discussion is limited to the cost, in terms of time lost, of nonoccupational disabilities 
which last more than seven days (based on experience with General Motors factory employees). 

The frequency rate was twice as great for females (242 per 1,000 employees) as for males 
(102 per 1,000). In the 50-year age group the frequency rates were approximately equal, whereas 
in the younger group the frequency rate for females (244) was three times greater. In addition, 
females were disabled for longer periods, averaging 66 days per claim, compared with 50 days 
per claim for men. 

Eighteen tables are included, listing the various groups of diseases, their frequency, and the 


duration of disability with respect to age and sex. Anwoup A. Lean Bosten 


Occupational Diseases and Hazards 


Contact Dermatitis Causep By BaAmpoo. B. L. Scuirr, A. M. A. Arch. Dermat. & Syph. 
64:66 (July) 1951. 


Schiff presents three cases of contact dermatitis that occurred in a plant manufacturing 
tennis rackets from bamboo. The first patient had been employed as a bamboo sander for 
30 years and had never before been subject to skin disease. He now had an erythematovesicular, 
oozing, and crusted dermatitis involving the dorsal and palmar aspects of both hands, the 
volar and ulnar surfaces of both forearms, and the neck and face, accompanied with severe itching, 
of two weeks’ duration. He related that recently a new shipment of bamboo had arrived from 
Japan and that when the process of sanding the new bamboo was started he had experienced 
itching of fingers, hands, and forearms; a few days later the eruption appeared. The man was 
given symptomatic topical treatment and was told to stop working. The lesions healed after 
about 18 days, but a pigmentation remained. Two other workers had similar lesions, but both 
had been working with the bamboo for only a short time. These two men had recurrences 
when they resumed work later, whereas the first worker did not. He probably had become 


“hardened” during the many years of contact. All three men had positive reactions following 
skin tests with bamboo scrapings. 
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CARDIOVASCULAR DiIsEASE IN INDUsTRY: Tue RoLe or Disease. S. C. 
Franco, Indust. Med. 20:308-315 (July) 1951. 


Franco describes a study of 1,821 cases of heart disease among 25,000 employees: 34% with 
coronary artery disease, 11% with arteriosclerotic heart disease, 16% with essential hyper- 
tension, 27% with hypertensive heart disease, and 11% with rheumatic heart disease. Data are 
presented indicating days lost, age distribution, and working ability among the several groups. 

He relies on two aids to uncover early and unsuspected degenerative cardiovascular disease; 
they are Master’s two-step test and the Dock ballistocardiograph. He used these tools in 
periodic examinations and discovered that approximately 33% of the examined employees had 
coronary artery disease. He suggests a multiphasic screening technique in order to detect disease 


and protect aging workmen. Arnotp A. LEAR, Boston 


OccuPATIONAL DISEASES TRANSMITTED VIA CONTACT WITH ANIMALS AND ANIMAL Propucts. 
H. K. Aprams and P. Warr, Indust. Med. 20:341-351 (Aug.) 1951. 


Abrams and Warr have reviewed the diseases of most importance in the United States, 
judged by incidence and volume of disability caused: brucellosis, Q fever, anthrax, leptospirosis, 
and diverse skin infections. They discuss incidence, control measures, and therapy. 

srucellosis has a greater recognized attack rate among urban packing-house workers than 
among farmers, and, although cattle are the most important source of infection, swine are 
responsible for a large number of cases. 

Although the highest attack rate of Q fever is among persons in direct contact with livestock, 
many cases occur among people with only casual contacts. 

Anthrax principally attacks handlers of animal materials (wool, hides, etc.). Leptospirosis 
affects sewer workers, miners, fish handlers, and farm employees. 


Methods of prevention and control are suggested. ARNOLD A. Lear, Boston. 


OccuPATIONAL CANCER AND OTHER HEALTH HAZARDS IN A CHROMATE PLANT: A MEDICAL 
ApprAISAL. T. F. Moncuso and W. C. Huerer, Indust. Med. 20:358-363 (Aug.) 1951. 


A survey of a chromate plant confirmed the German impression that the lung-cancer death 
rate was significantly greater in chromate workers than in the general population—approximately 
15 times greater in this study. The average latent period of lung cancer was 10.6 years after 
initial exposure. The authors discuss the causal relationship of various chromate compounds 
and present evidence suggesting that insoluble chromium compounds (¢. g., chromate dust 
and chromic oxides) may play a role in the production of lung cancer. Insoluble chromium 
compounds are retained in the lungs over long periods and may cause pneumoconiotic changes. 


ARNOLD A. Lear, Boston. 


CoaLMINERS’ PNeumMoconiosis. C. M. FLetcHer and J. Goueu, Brit. M. Bull. 7:42 
(No. 1-2) 1950. 


This paper presents reports from committees on industrial pulmonary diseases: a new 
compensation scheme, recent investigations on pathological and radiological aspects, disability, 
prevention, and treatment. 


Anthracosilicosis of coal miners is now known to be due to the inhalation of coal dust. The 
disease is distinct from silicosis and is better called pneumoconiosis of coal miners. There is a 
“simple” pneumoconiosis due merely to deposits of dust, with minimal fibrosis of the lungs but 
with focal emphysema often surrounding the dust foci, and a “complicated” or “infective” 
pneumoconiosis, in which added infection (almost certainly tuberculous) leads to massive fibrosis. 
The two processes can be distinguished radiologically. The development and progression of 
simple pneumoconiosis are related to dust exposure, but the development and progression of 
massive fibrosis occur independently of dust exposure after a certain critical degree of simple 
pneumoconiosis has been established. 


The disability from simple pneumoconiosis is seldom severe except in older men. Massive 
fibrosis is a common cause of severe disability and death. 
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Coal dusts from different mines vary in their tendency to produce simple pneumoconiosis. 
Their pathogenicity does not appear to be directly related to their free silica content, but may 
depend on some property associated with the “rank” of the coal. 

Rehabilitation and treatment consist chiefly of general and breathing exercises and, in cases 
with bronchial spasm, the use of antispasmodics. 


ByssiNosis IN THE BritisH Cotton TextTiLe Inpustry. R. S. F. Brit. M. Bull. 
7:52 (No. 1-2) 1950. 


Following remarks about the natural history, the etiologic factors, and the incidence of 
byssinosis (chronic interstitial pneumonia due to cotton dust), Schilling shows that this disease 
has economic and social ill-effects which cannot be measured merely in terms of its incidence 
and the disability, discomfort, and ill-health it causes among card- and blowing-room workers. 

If the card-rooms are undermanned, owing to absence of employees because of sickness or 
because apprentices are discouraged from starting a career which may lead to disability in middle 
life, the whole industry suffers. 

Discussing preventive measures, the author says that the oiling process still needs to be 
improved. Although byssinosis is an industrial disease which can be prevented, this has not yet 
been done successfully. Much work is needed to clarify its etiology and to improve methods of 
dust suppression. Industrial medical services have been developed with some success in the 
more modern factories producing aircraft, motor-cars, and chemicals. In the much older textile 
industry, with its long established hazards of respiratory disease and mule spinners’ cancer, 
there are few medical officers, and these must depend on their clinical experience to prevent 
disease among cotton operatives. 


Tue AetioLocy oF DupuytrRen’s Contracture. E. G. Herzoc, Lancet 1:1305 (June 16) 
1951, 


Herzog saw 20 persons with Dupuytren’s contracture at a 150-bed hospital in the course 
of two years. Since this incidence of the contracture was rather high and since many of the 
patients raised the question of compensation on the ground that hard work had caused it, 
the author decided to inquire into the etiology, particularly into the possibility that the condition 
was connected with hard work. Many of the published reports suggested a possible hereditary 
predisposition, and a few observers recognized trauma from hard work as a contributory, if 
not the only, cause. Histologic studies of one investigator give strong support to the theory 
of traumatic origin. 

Herzog investigated the incidence of Dupuytren’s contracture among 1,000 steelworkers, 
1,000 miners, and 1,000 clerks. The respective figures for these groups were 24, 22, and 19. It 
was noted that in most of the cases the patients were men over 40 years of age, and with only 
these being considered, the percentages of incidence were 4.3%, 4.6%, and 3.75% for the three 
aformentioned groups. The incidence varied considerably in different groups: For instance, 
two cases were found among 25 bank clerks, who were over 40, and no case among 136 miners, of 
whom 64 were over 40. For this reason the authors feels that the slight difference in the 


incidence between clerks and workmen is of no significance. He concludes that his investigation 
has produced no evidence that work in mines or steelworks increases the liability to Dupuytren’s 
contracture. He does not think that claims for compensation can be supported. 


CarBON TETRACHLORIDE PotsontinG By INHALATION. J. J. Prac, South African M. J. 
25:351 (May 25) 1951. 


The patient whose case is presented had inhaled carbon tetrachloride while cleaning electrical 
equipment with a carbon tetrachloride spray. Soon afterward he felt faint, dizzy, and vomited ; 
about 15 minutes later he complained of severe frontal headache. Three days later, jaundice 
appeared and the liver was found to be tender and enlarged. The jaundice became more severe, 
purpuric spots developed all over the body, and there were recurrent attacks of epistaxis. 
The urinary output was low and contained albumin. Dyspnea developed, vomiting continued, and 
the patient died 12 days after the inhalation of carbon tetrachloride despite adequate treatment. 
Necropsy corroborated the evidence that this poison attacks the kidneys, the liver, and the lungs. 
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The severe hemorrhagic pulmonary edema was regarded as the main cause of death. Acute 
hepatic insufficiency and toxic nephrosis were contributory factors. An analysis of the cases 
reported in the literature indicates a greater percentage of renal symptoms in cases of poisoning 
due to inhalation. After ingestion, the concentration of carbon tetrachloride is greater in the 
portal circulation and therefore hepatic involvement predominates. 


ConTRIBUTION TO DIFFERENTIAL D1aGNosis OF CHRONIC OSTEOARTHRITIS AS A SEQUELA 
oF Caisson Disease. T. Motrino, Arch. mal. profess. 12:271 (No. 3) 1951. 


On the basis of clinical and roentgenologic observations in 12 cases of chronic osteoarthritis 
caused by caisson disease, Molfino stresses some points which may aid in the differential diagnosis 
of the mentioned disease and primary deforming osteoarthritis. 

The coxofemoral joint was involved in 9 of the 12 patients, and the scapulohumeral joint in 
the remaining 3. Roentgenologic pictures showed osteoclastic changes, with crypts, associated 
with osteosclerotic epiphysial lesions similar to those occurring in primary deforming osteo- 
arthritis. However, these lesions were more pronounced and more numerous than those in 
deforming osteoarthritis. In addition, osteonecrotic processes were detected in the diaphysis and 
the metaphysis of the long bones, especially in those of the tibia. In only one case was an 
ischiopubic lesion observed. 


According to the author, these peripheral lesions are to be considered as characteristic of 
chronic osteoarthritis resulting from caisson disease, thus facilitating the differential diagnosis 
respecting primary chronic osteoarthritis, in which the osteonecrotic processes are definitely 
limited to the epiphysis. From the pathogenic and clinical standpoints the author's observations 
confirmed a symptom already reported by other workers, i. e., intense pain on palpation of 
the involved joint and bones, particularly during the acute initial phase of the disease. In all ° 
the cases studied the osteoarthritis resulting from caisson disease caused anatomic and functional 2 
changes leading in a few years to disability. 


EstiMaTION OF WorK Capacity oF Siticotic PATIENTS WITH THE A1p oF Oxtmetry. C. 
Miévitve, Praxis 40:504 (June 14) 1951. 


' Changes in oxygen saturation of arterial blood were measured by means of the Coleman : 
{ oximeter, similar to the Millikan oximeter, in 22 cases of silicosis. Arterial hypoxemia was 


observed in only 1 of the 22 cases when oximetry was performed while the patient was at rest. 
Oxygen unSaturation due to pulmonary insufficiency is rare during rest even in patients who are : 
in the advanced stages of silicosis and, therefore, the oximetric test performed during rest is 3 
of no value for estimating the work capacity of the silicotic patient. Oximetry was performed ; 
i in the other 21 cases when the patient was cranking a handle, and the effort was measured é 
simultaneously by means of an ergometer. The results showed that the determination of the g 
arterial oxygen saturation on effort is a functional test which makes diagnosis of pulmonary } 
insufficiency possible in those cases in which an oxygen deficiency is demonstrated. The 3 
significance of the pulmonary insufficiency on effort may then be ascertained easily with respect 2 
to the work capacity. Oximetry, however, does not provide any information concerning 


the pathogenesis and the physiopathology of the oxygen deficiency. The cause of the oxygen 
deficiency may be determined by spirometry. A positive oximetric response thus is sufficient 


to determine a reduced work capacity due to pulmonary insufficiency, but a negative oximetric 
response, with the arterial oxygen saturation remaining within the physiological limits, does 
not exclude a pulmonary insufficiency although it demonstrates the absence of oxygen deficiency. 
Ten of the 21 silicotic patients gave a negative response to the oximetric test, but complained of 
dyspnea and stated that their work capacity was reduced. Spirometric tests were required to 
determine whether the dyspnea was due to pulmonary insufficiency or was simulated. 
Although oximetry has its limitations, it has the advantage of being a simple method which 
may be of great value for serial pulmonary functional tests in mining centers and certain 
industries, such as foundries and potteries. Periodical oximetric examinations of patients with 
silicosis entailing oxygen unsaturation on effort will make it possible to determine fairly 


judiciously the ratio of their work incapacity according to the progressive aggravation of their 
functional pulmonary insufficiency. 
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SILICOSIS IN QuARTZITE WorKERS IN NortH ITALY .. PARMEGGIANI, Med. lavoro 41:289 
(Nov.) 1950 


Parmeggiani made clinical and roentgen examinations of 583 workers on quartzite for two 
consecutive years and follow-up roentgen examinations for about 10 years. Silicosis was found 
in 107 workers of either sex (18%). The group included 56 workers with roentgen shadows 
of pulmonary reticulation, 33 with nodular silicosis, 9 with massive silicosis, and 9 with silico- 
tuberculosis. Associated pulmonary tuberculosis, either active or inactive, was found in 24 
workers in the same group (4.5%). 

Silicosis due to inhalation of quartzite dust is grave. Its onset and course depend on the 
kind of work the subjects perform. The most dangerous job is that of the grinders, followed 
by that of the crushers and that of the women hammerers. Reticulation is extreme, with fine 
meshes; nodulation is uniform, with small, well-defined nodules, and at an early stage it is 
accompanied by emphysema. In simple silicosis, nodulation has a slight confluence: in. silicosis 
associated with infection, conglomeration and massive formations are found. 

In mill workers, silicosis appears at the end of the first year of work, and within five years 
it becomes nodular, After six or seven years of nodular silicosis, a mill worker becomes totally 
disabled for work. Crushers are also soon subject to silicosis, less often than the millworkers, 
but in a form just as serious as that of the mill workers. Women hammerers, who are exposed 
to a very uniform risk in their work, show reticulation after five years, and after five years more 
they are generally subject to nodulation. Stone chiselers and cutters are subject to silicosis 
after 10 to 15 years of work; miners and quarriers even later, and they remain generally at 
the reticulation stage even after 30 years of work. Conglomeration has a poor prognosis. 
Silicosis resulting from quartzite causes more invalidism than the other forms of. silicosis. 
Pulmonary tuberculosis associated with silicosis, even in inactive form, makes it imperative that 
the silicotic worker be removed from dusty work. 

Technical prevention, i. e., the use of exhausters and the hermetic closure of machinery, has 
been widely adopted in the largest Italian factories; in smaller plants this system is not yet in 
use. It will be necessary to adopt protective measures also for the benefit of the women 
hammerers 

From a medicolegal angle, quartzite silicosis produces incapacity for work with right to 
compensation of 33% in the period of reticulosis, of 40 to 50% in the period of nodulation, and 
of 100% in the period of massive silicosis. Tuberculosis in a worker, whether associated with 
silicosis or not, is an indication for compensation, so that the worker may teave that special type 
of work. 


CHANGES IN THE LuNGs or CorunpUM Workers. J. HaGen, Deutsche med. Wehnschr. 
75 : 399-400 (March 24) 1950. 


During the last war and later, a series of severe and sometimes fatal cases of lung disease 
occurred among workers in the corundum industry in Germany. Altogether 25 cases were 
reported by doctors, They occurred exclusively among furnace workers and cranemen, who were 
exposed to heavy concentrations of dust from breaking up blocks of corundum produced in the 
electric furnace. Of 10 furnace workers, 7 died. The chief symptoms were cough and dyspnea; 
in three cases spontaneous pneumothorax occurred, and in these the progression of the disease 
was rapid. Objective signs were not characteristic; in six cases there was marked bronchitis. 
Vital capacity was reduced, and the erythrocyte sedimentation rate was increased. Active 
tuberculosis was present in five cases. Radiographic changes included enlargement of hilar 
shadows; increased linear markings; fine or medium stippling, and distortion in the middle 
zones; peaking of the diaphragm was sometimes bilateral. In seven autopsies the lungs 
Were slate gray and fibrotic. There was fibrotic thickening of the alveolar septa, with hyaline 
change and destruction of air cells. Silicotic nodules were not found. Chemical analysis 
of the lungs showed a marked increase of alumina and silica. The lungs did not resemble those 
of workers exposed to aluminum dust. It is assumed that in the smelters’ lungs the aluminum 
ion enters into an irreversible combination with albumin in the lung tissue. When bauxite is 


heated below 9600 C. a very reactive compound is formed, but it is altered at higher temperature. 


The increase in the quartz content of the lungs may be of importance. Because of the tempera- 
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ture of 2,000 C. reached in the furnaces, gaseous silica is given oft and, in this state, would have a 
more rapid action on the lung tissue than crystalline quartz. In the case of these smelters 
there is possibly a complex action by aluminum and amorphous silica. Compensation is not 
yet provided for occupational disease of the lungs due to compounds of aluminum, as is done for 
disease due to metallic aluminum, but statutory provision for notification and compensation is in 
reparation. . 
Inpust. Hyc. Digest [CONDENSED FROM Butt. Hyée.]. 

A New MaAnirestation oF Atuminosts. H. Mopper and T. Scumirt, Deutsche med. 

Wehnschr. 76:85-87, 1951. 

A clinical investigation of 97 workers in an aluminum-smelting plant disclosed heavy damage 
to the lungs of 18 operators of the smelting and alloying department. They had been employed 
an average of six years. (Some of the healthy ones had worked 15 and more years.) Clinical 
and spiro-ergometric examination showed: aluminosis (8 workers), one with fibrosis; other 
changes caused by aluminum compounds (4); tuberculosis (5). Examination with x-rays 
revealed few characteristic peculiarities in contrast to those found in other types of pneumo- 
coniosis of a comparable severity. : 


PNEUMOCONIOSIS AND Stticosis. N. A. Vicgporcuik, Gigiena i sanit. 1951, No. 1, pp. 20-25. 


Review of the available data shows that pneumoconiosis cannot arise from quartz-free dust 
and that there is no mechanism whereby fibrotic changes may take place under the influence of 
quartz-free particles. However, some silicate dusts (asbestos, etc.) do cause pneumoconiosis, 
since they decompose in the body to liberate silica. Toxic dusts, such as fluorides, Be salts, 
radioactive dusts, and Cr salts lead to local toxic effects. 


G. M. Kosotarorr 


Industrial Toxicology 


Hazarps INVOLVED IN Pesticipe AppLicaTion. Juttus M. Coon, Agr. Chemicals 6:53-55, 
1951. 


The relative haz: are sented in tabular f : ‘ 
rhe relative hazards are presented in tabular form P. Cuicuio [Cnem. Apsr.). 
NoORISODRINE SULFATE: Toxicity IN INpuUsTRIAL Usk. R. M. Warrous and H. N. Scuvutz, 
Indust. Med. 20:305-307 (July) 1951. 


“Norisodrine” is a trade mark (Abbott) for N-isopropylarterenol, which has also been called 
“aleudrin,” isuprel,® “isorenin,” and isonorin,® and is used principally in the treatment of asthma. 
In the Abbott Laboratories several cases of toxicity manifested by tremor, apprehension, feeling 
of tightness in the chest, and nausea were noted. These symptoms were transient and not 
disabling. 

A method for determining “norisodrine” in air is described. 

ARNOLD A. Lear, Boston. 


IMPROVEMENT OF PULMONARY FUNCTION FoLLOWING ADMINISTRATION OF ACTH IN 
Curonic BeryYLLIUM PotsoninG. S. R. E. M. Keine, and W. H. Pritcuarp, 
J. Lab. & Clin. Med. 36:840-841 1950. 


Three persons had been exposed to beryllium-containing phosphor over periods varying from 
32 days to 9 years and had suffered from pulmonary disease of two to five years’ duration. Treat- 
ment with corticotropin (ACTH) (100 mg. daily) resulted in prompt decrease in cough, dyspnea, 
and fatigue; smaller doses gave a less striking response. Increases in maximum breathing 
capacity ranged from 16 to 74%. There was only slight improvement in the chest roentgeno- 
grams. It is suggested that the prompt improvement of pulmonary symptoms and function 
may be due to reduction of both edema and cellular infiltration of the lungs. 


ADAPTED FROM Brot. Arst 
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ANEMIA IN Acute EXPERIMENTAL BERYLLIUM Porsoninc. H. E. Stoxincer and C, A. 
Srroup, J. Lab. & Clin. Med. 38:173 (Aug.) 1951. 


Anemia has been produced by inhalation of Be salts in three species of animals, the dog, the 
rat, and the rabbit. It resembles the macrocytic type, is mild in degree, and differs according to 
species 

Attempts at treating the anemia with common blood-regenerating agents appeared to be 
successful, as was prophylaxis, in limited numbers of one species (rats), whereas such attempts 
worsened the condition in another (dogs). 

Recovery occurred spontaneously, requiring from 3.5 to 4 months in dogs, despite the presence 
of considerable amounts of beryllium in the tissues. 


Prorection AGAINST EXPERIMENTAL BERYLLIUM POISONING BY AURIN TRICARBOXYLIC 


Acip. M. R. Wurre, A. J. Frxxer and J. Scnupert. J. Pharmacol. & Exper. Therap. 
102:88 (June) 1951. 


According to White and associates, evidence has been presented by other investigators which 
indicated that the toxicity of beryllium salts is due to ionized beryllium. It was suggested that 
successful treatment of beryllium poisoning might involve the immobilization of ionized beryllium 
by a reaction with a reagent that forms an insoluble compound or lake. In the search for such 
a reagent a mordant dye, aurintricarboxylic acid, Schulz No. 557, was considered because its 
salts are water-soluble, it forms an extraordinary stable lake with beryllium in the physiological 
pH range, and it has been found to be relatively nontoxic. As the ammonium salt, “aluminon,” 
it is commonly used as an analytical reagent for aluminum and, to a lesser extent, for beryllium. 
This paper reports the effects of aurintricarboxylic acid, administered as the ammonium, salt, 
on the survival of mice and rats given lethal doses of beryllium sulfate. 

It was found that aurintricarboxylic acid, given intravenously in the form of ammonium 
salt, markedly increased the survival of mice given an intravenous L.D.os of beryllium sulfate 
(0.7 mg. beryllium per kilogram). Rats acutely poisoned with beryllium were similarly protected. 
Aurintricarboxylic acid was effective when administered from one hour before to at least eight 
hours after the injection of beryllium, and in doses from 1 to 4 mg. per mouse. Partial protection 
was given when it was administered 52 hours prior to beryllium, but none when it was given 
16 hours after beryllium. Partial protection was afforded mice given up to 1.0 mg. of beryllium 
Repeated small doses of aurintricarboxylic acid, began one hour after beryllium 
injection and continued at one- or two-day intervals, did not increase survival in mice. Oral 
administration of a 0.59 solution in drinking water was also ineffective. 


per kilogram 


ToxicoLocy or Some THerr Compounps Usep 1n INpustry. D. HUNTER, 
Brit. M. Bull. 7:5 (No. 1-2) 1950. 


Many metals, rare or unknown before, are now assuming importance in the development of 
new alloys. So far no toxic effect has been discovered in workers handling cerium, gallium, 
indium, molybdenum, rhenium, titanium, wolfram (tungsten), or zirconium, but toxic effects 
have resulted from beryllium, cadmium, osmium, platinum, selenium, tellurium, uranium, and 
vanadium. This review concerns mainly the toxicity of the latter group of metals. 


MECHANISM OF THE ACTION OF BERYLLIUM Dust ON THE LUNGS OF MAMMALS. ALBERT 
Compt. rend. Acad. Sc. 230:899-901, 1950. 


Inhalation of the dust causes grave pneumonia and sometimes death in workers employed in 
the manufacture of Be. The mechanism of action was studied by injecting dusts in physiologic 
solution into the lungs of guinea pigs, which were under profound anesthesia, by an intratracheal 
or a nasal route. The dust-particle sizes were determined by electron microscope to be as follows: 
less than 0.2 4, 43% ; 0.2-0.4 wu, 46% ; 0.4-0.6 w, 8%; greater than 0.6 4, 3%. Identification of 
Be in isolated sections was made by incineration and dyeing with ponceau red. In the mammalian 
lung hydrated Be dust is localized and concentrated in the bronchioles and alveoli. The bronchial 
epithelium undergoes necrosis and, at a distance from the site, hyperplasia of cellular elements 
leads to the formation of granulomas. The dust finally disappears as a result of phagocytosis 
or Gronchtal expulsion. ApapTED FRoM CHEM. Asst. 
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DIMERCAPTOPROPANOL TREATMENT IN OCCUPATIONAL PoIsoNING Due TO MANGANESE. C. 
Ceresa, Med. lavoro 42:26 (Jan.) 1951. 


Ceresa reports a papuloerythematous dermatitis that occurred on the forearms and the legs 
of a worker aged 31 who for two months had been employed in breaking up and loading 
manganese ore. It was associated with acute bronchitis and pronounced disturbance of the 
liver, with enlargement of this organ. The Takata-Ara test produced a highly positive reaction, 
and a tentative diagnosis of manganese poisoning was made. A 24-hour sample of the patient’s 
urine revealed significant amounts of manganese. Treatment with 2,3-dimercaptopropanol (BAL) 
in doses of 3 mg. per kilogram of body weight was instituted and continued for 14 days. During 
the first four days the dermatitis became worse, the pruritus increased, and the urine, containing 
larger amounts of manganese, was thick and cloudy. But within the next few days the urine 
cleared, and the cutaneous lesions subsided. Thus, treatment with 2,3-dimercaptopropanol 
(dimercaprol U. S. P.) proved highly effective by enhancing the elimination of the manganese. 
Rapid recovery from the dermatitis and the bronchitis and a considerable diminution in the 
size of the liver made discharge of the patient possible after 24 days of hospitalization. 


ASSOCIATED EXPERIMENTAL INTOXICATIONS: TRICHLOROETHYLENE AND CARBON TETRA- 
CHLORIDE. Giuseppe DE Domunicis, Rass. clin. terap. e sc. affini 48:195-200, 1949, 


Guinea pigs in three groups were exposed to the vapors of CCl, trichloroethylene, and a 
mixture of both. CCl alone was most toxic. It cannot be assumed, in using mixtures of two 
substances, that their effects will be additive biologically 


C. S. Prickett [Cuem. Apst.]. 


Use or TRICHLOROETHYLENE AND THE DANGER OF SECONDARY DEVELOPMENT OF PHOSGENE. 
ALBERTO Rocco, Rass. med. indust. 16: 140-143, 1947. 


The danger of phosgene formation is present in industries where trichloroethylene is used in 
the presence of substances in combustion or at temperatures above 110 F. Commercial products 
containing derivations of trichloroethylene should be accompanied with precise instructions for 
use to avoid the danger mentioned. Tests for the detection of phosgene in the atmosphere must 
be carried out at a temperature of at least 120 F., at which phosgene actively begins to be 


liberated. W. R. [Cuem. Apst.]}. 


DISTURBANCES IN THE OLFactory Pdéwer or VARNISH WorKERS. GIORGIO MANCIOLI, 
Rass. med. indust. 16: 180-196, 1947. 


36rnstein’s method of measuring olfactory acuteness is the simplest and most rapid method, 
involving least errors. Although the method is qualitative, it has quantitative aspects, since it 
permits rather accurate estimation of the various degrees of acuteness in the perception of odors. 
Tests were conducted with varnish workers using brush and spray techniques of varnishing. The 
disturbances frequently are proportional to the time of exposure to varnish vapors and to the 
total quantity of toxic substances absorbed by the neuroepithelial cells of the nasal mucosa. There 
is a possibility of indirect action on the cortical olfactory centers by pulmonary absorption. 


W. R. Ercucer [Cuem. Apst.]. 


Vasomotor Neurosis Due To Acute BENZENE INTOXICATION. V. M. Paropt and T. 
CorBELLA, Rass. med. indust. 17:53-59, 1948. 


Acute benzene intoxication was found in varnish workers. This is due to the evaporation 
of benzene used as solvent in varnishes with bituminous base. The peripheral vasomotor system 
and, particularly, the muscular coat of the blood vessels are affected. A few hours after exposure 
a patient developed acrocyanosis, acroparesthesia, and angiospasm with claudication. The 
symptoms disappeared after a few days. Treatment with acetylcholine and hypertonic chlorate 
solution brought rapid improvement 


W. R. Ercuter [Cuem. Apst.]. 
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CHARACTERISTICS OF MOLYBDENUM (Mo) as AN [NDUSTRIAL Potson. O. Ya. MOGILEVSKAYA, 
Gigiena i sanit., 1950, No. 12, pp. 18-22. 


Dust of Mo, brown MoOs, MoOs, and NH, paramolybdate (1) causes only transitory irritation 
of mucosa in white mice after an intensive 1-hr. dusting. Repetition over 30 days brings out 
toxic symptoms from I and MoQs, and little toxicity of Mo and MoOs. Periodic medical exami- 
nations are recommended for workers with Mo compounds. 


M. Kosovarorr [Cuem. Apst.]. 


Environmental Conditions 


ENVIRONMENTAL HEALTH AsPEcTs OF CERTAIN AGRICULTURAL PESTICIDES. FRANK PRINCI, 
Agr. Chemicals 6:3033, 1951. 


The produtcion of health hazards is a function of the physical state of the compound and the 


concentrations to which human subjects are exposed. 


The DevetopmMent or Prototype Mopet RESEARCH ON ATMOSPHERIC POLLUTION 


Propiems. Gorpon H. Stran and WitLiiAm T. INGRAM, Indust. Hyg. Quart. 12:59 
(June) 1951, 


Stran and Ingram describe prototype-model facilities developed at New York University, 
where since 1948 air-pollution problems have been investigated through wind-tunnel research. 


The ordinary wind tunnel has several serious limitations in simulating typical meteorological 


conditions relating to atmospheric pollution. However, effect of wind velocity and building struc- 
tural interference on air streams may be studied successfully in prototype. For more advanced 
studies the authors suggest larger tunnels provided with heating devices to reproduce natural 


thermal gradients anc "nice. 
oe and turbulence R. Dennis, Boston. 


\ik-PoLLutTion PREVENTION IN THE Unitep States. J. F. Barkrey, Mech. Engin. 
73: 284-288 (April) 1951. 
Barkley presents a history of the smoke prevention ordinances enacted since 1864, when, in 
a lawsuit in St. Louis, smoke was adjudged a nuisance. He discusses the terminological difficulties 
in the use of the words “smoke,” “dust,” “fumes,” etc., and the problems of settling-dust limit- 
ation, determination of dust emission, administration of ordinances, and conduct of air pollution 


research generally. Apartep FROM INpust. Dicest. 


SAILROAD Activity IN RepucinG Ark PoLLution. Eart C. Payne, Proc. Air Pollution- 
Smoke Prey. Assoc. America, 1950, pp. 15-18. 


The use of carefully sized, double-screened, and washed coal, between 3 in. and 1 in., will 
permit locomotive operation with less smoke. The Bituminous Coal Research smoke consumer, 
designed to reduce the amount of overfire, or secondary air, used per pound of steam, is effective 
in reducing smoke at low firing rates, but not when the locomotive is worked at high capacity. 
Other types of smoke consumers are valuable but have definite limitations; skilful firing is still 
required. The use of low-volatile coals to reduce smoke may cause increased cinder emission, 
owing to weak coal structure. More work is required on cinder catchers and the matter of 
reinjecting cinders into the boiler furnace. In tests now under way, only about half of the cinders 
can be burned by reinjection. Specific arrangements of the coal banking prior to lighting off 
can reduce smoke from roundhouses; the specific arrangement varies with the coal and operating 
conditions 


R. W. Ryan [Cuem. Asst.]. 
Determination of Air-Borne Contaminants 


REMOVAL OF SUB-MICRON AEROSOL PARTICLES FROM MOVING Gas StREAM. P. J. SCHAUER, 
Indust. & Engin. Chem, 43:1532-1538 (July) 1951. 


A unique system is described for the removal of submicron particles from a moving gas 
stream. A condensing steam aspirator of special design was used to increase the effective size 
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of the aerosol particles which behaved as condensing nuclei. This increase in size facilitated the 
collection of these particles. 

When this steam aspirator was used in series with other conventional scrubbers and the 
Chemical Warfare Service filter to process flue gas from a pilot-plant waste incinerator, penetra- 
tions on the order of 0.000001% were recorded. Tested against dioctyl phthalate smoke (0.3 4), 
the above system with the Chemical Warfare Service filter removed was found to be 99.9% 
efficient. 

The author states that any installation which utilizes this special aspirator is definitely limited 
to handling no more than a few hundred cubic feet of gas per minute. 


Epwarp Berty, Boston. 


A Gas Ejector ror Arr SAMPLING. 


1951. 


Lynn D. Witson, Indust. Hyg. Quart. 12:58 (June) 


Wilson describes a carbon dioxide gas ejector to be used in conjunction with the midget 
impinger. The principle of operation is essentially that of the compressed air ejector. Approxi- 
mately 10 oz. (283.5 gm.) of COs is required for an hour's sampling. The equipment is now 


being developed for the market by the Mine Safety Appliances Company. 


R. Dennis, Boston. 


Evectrostatic COLLECTION OF Fiy Asu. H. J. Wurrte, L. M. Roperts, and C. W. HEDBERG, 3 
Meth. Engin. 72:873-880 (Noy.) 1950. j 


The present trend in pulverized-coal-fired boiler combustion-gas cleaning is toward virtually : 
perfect stacks at all times, or at least the maximum removal of fly ash obtainable. An efficiency 
of 97 to 98% is often requested, but efficiencies above 98% involve complex problems in appli- 
cation. Practical solutions now exist for most of these problems. It is not uncommon for all 
sections of a precipitator to be continuously available for service from one boiler outage to the iq 


next. The more difficult problems have to do with variations in ash characteristics, particularly : 
is resistivity and stratification at the precipitator outlet. Several methods now in progress or 3 
recently applied for combating those conditions include (1) continuous rapping of electrodes at x 
controlled intensity, (2) automatic voltage control, (3) the pulse method of energizing, (4) com- ; 
bination collettors comprising centrifugal separators preceding precipitators, and (5) conditioning : y 
of the ash to maintain its resistivity below the critical value of 2 x 101° ohm-cm., by increasing ; 


artificially the trace amounts of sulfur trioxide naturally present in boiler combustion gases. 
Further developments may be expected along the lines of more uniform performance and 


maintenance of the necessary continuously high efficiencies. 


Tue DETERMINATION OF BENzoyL PEROXIDE Dust Arr. B. H. Dorin, Month. Rev. New 
York State Dept. of Labor 90:25 (July) 1951 i 
A colorimetric method of analysis for benzoyl peroxide dust in air was developed during a 

study of atmospheric conditions in a plant using this compound. Samples for analysis were 

collected in double-distilled water in an all-glass Greenburg-Smith impinger at a sampling rate of 

l cfm. The color reaction is based on the oxidation of potassium iodide which occurs with the 

peroxide. The blue color formed by starch and the liberated iodine is compared with standards 


or read in a photoelectric colorimeter. The method is sensitive to 3 y by visual means or 1 ¥ 
photometrically. Contact with rubber caused large losses in concentration. 


Mary O. Boston. 


INSTRUMENTATION AND PROCEDURES FOR QUANTITATIVE MEASUREMENTS OF VISIBLE SMOKE 
AND Sotips DiscHARGED FROM INDIVIDUAL Sources. J. W. SHaw and Beny. Linsky, 
Proc. Air Polution-Smoke Prev. Assn. America, 1950, pp. 26-28. 


Descriptions are given of the various methods and instruments used. 


R. W. Ryan [Cuem. Apst.] 
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AN INVESTIGATION OF THE PERFORMANCE AND LIMITATIONS OF THE KONIMETER. D. G. 
SEADLE, J. Chem. Met. & Mining Soc. So. Africa 51:265 (March) 1951. 


In the first section of this paper, dust counts obtained with a konimeter at 10-second intervals 
over a period of 30 minutes or longer are used for an elementary statistical analysis to determine 
how accurately the mean of any stated number of samples over a given time represents the true 
mean konimeter count. It is shown that in general a large number of samples must be taken 
to obtain satisfactory agreement. It is also shown that the mean of a small number of samples 
over a short period (e. g., three samples in two minutes) is not usually a good measure of the 
dust concentration over a longer period (30 minutes or longer) even when dust conditions are 
tairly steady 

In the second section, the efficiency of the circular konimeter is determined, the thermal 
precipitator being used as a reference instrument. The results quoted show that there is no 
constant factor connecting the dust counts, the ratio of konimeter count to thermal-precipitator 
count varying from 0.11 to 3.82. The dependence of this ratio on the collecting efficiency of the 
konimeter, on the effect of acid treatment, and on the method of counting the samples is discussed. 
The collecting efficiency of the konimeter is found to depend to a large extent on the size 
distribution of the dust sampled and on the concentration. It may also depend on the humidity. 
With a low concentration of coarse dust the konimeter appears to have a high efficiency and 
sometimes gives counts significantly higher than the thermal precipitator, owing possibly to the 
breaking-up of aggregates or large particles. With fine dusts the efficiency is low and becomes 
still lower with higher concentrations, 

The results of other workers are discussed, and there is much independent evidence to support 
the above findings. The past value of the konimeter in reducing silicosis in Witwatersrand 
gold mines is stressed, but the view is expressed that there is now need of a more accurate 


instrument for routine dust sampling, and a further paper will describe a possible instrument 
tor the purpose. ae 
ADAPTATION OF AUTHOR'S SUMMARY. 


Ventilating, Air Conditioning and Engineering Control 


Orr-Site Disrposat oF RAbIOACTIVE INCINERATOR RESIDUES BY SOLID FLUXES. RICHARD 
C. Corry, Harry Perry, and Ceci H. Scnuwarty, Indust. Hyg. Quart. 12:52 (June) 
1951. 

The authors describe a method for the convenient handling and safe disposal of radioactive 
incinerator wastes. One hundred pounds (45.5 kg.) of molten sodium hydroxide at a temperature 
of 800 F. will dissolve 20 to 75 Ib. (9 to 34 kg.) of combustible-free ash, depending on the 
source of the ash. Twelve-gage low-carbon steel pots provide containers that are corrosion- 
resistant within the time limit of usage. In most instances the bulk volume of the fused ash- 
sodium hydroxide mixture is about the same as the original bulk volume of the ash. 


The solidified flux can be safely transported to a waste disposal site. 
R. Dennis, Boston. 
VENTILATION OF FouNDRY Pit Furnaces. H. J. WeseEr, Indust. Hyg. Quart. 12:71 (June) 
1951. 


Weber describes a supply-air method for the ventilation of pit furnaces which reduced con- 
centrations of lead oxide fumes to a safe limit within the working area. The use of conventional 
exhaust hoods was precluded by mechanical obstructions, operational techniques, and the -high 


temperatures during the bronze-melting process. By blowing outside air through floor supply 
grills (25,000 cfm), an air curtain was formed which carried fumes upward and away from 
workmen to roof exhaust ventilators. 

The ventilation process involved no heating load, since cool outside air was supplied. 
Furthermore, the cool air made the working environment more comfortable. 


R. Dennis, Boston. 
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News and Comment 


INDUSTRIAL DISEASES DISCUSSED IN POSTGRADUATE COURSE 
IN DISEASES OF CHEST 


At the fourth annual postgraduate course on diseases of the chest sponsored by the Council 
on Postgraduate Medical Education and the New York State Chapter of the American College 
of Chest Physicians, New York, Nov. 12 to 17, 1951, the afternoon session on Nov. 13 was 
devoted to a symposium on industrial pulmonary diseases in which Drs. Anthony J. Lanza, 
Louis L. Friedman, Arthur J. Vorwald, Frank R. Ferlaino, Irving R. Tabershaw, and William 
J. McConnell participated and to a presentation of air pollution problems in which the moderator 
was Dr. Frank R. Ferlaino and the panel consisted of Drs. Edgar Mayer, Anthony J. Lanza, 
Irving R. Tabershaw, and Arthur J. Vorwald. 


CONGRESS ON INDUSTRIAL HEALTH 


The Twelfth Annual Congress on Industrial Health, sponsored by the Council on Industrial 
Health of the American Medical Association and by the Medical Society of the State of Penn- 
sylvania and the Allegheny County Medical Society, will be held at the William Penn Hotel 
in Pittsburgh on Jan. 18 and 19, 1952. Certain of the sessions are being arranged in collaboration 
with the American Academy of Occupational Medicine and others with the Woman’s Auxiliary 
of the American Medical Association. 

The local Committee on Arrangements urges early reservation of hotel rooms, specifying 
attendance at the Congress. 
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Book Reviews 


Die Staublungenerkrankungen. [Edited by Professors K. W. Jotten and H. Gartner. Pp. 
338, with 139 illustrations. Price 22 German marks. Published as Volume 60 in Wissen- 
schaftliche Forschungsberichte, Naturwissenschaftliche Reihe, Steinkopff, Darmstadt, Ger- 
many. 


This is one of the best collections of papers on the pneumoconioses yet to appear. Twenty- 
nine papers were presented at a congress held at the Hygienic Institute of the University, 
Minster, West Germany, Novy. 19-21, 1949. Twenty-five of the papers are in German, three 
are in English, and one is in French. It is well printed, well edited, and the cuts are uniformly 
excellent. Following most of the papers is a discussion by various members of the congress. 
Some of the bibliographies include full titles of the papers cited, while others give references only. 

The subjects presented include general statements of the problem, clinical appraisals, lung 
function tests, roentgenology, pathology, etiology, mineralogy, microscopy, biochemistry, and 
prophylaxis. Papers by King on the solubility theory of silicosis and on aluminum therapy are 
especially pertinent, while Policard’s discussion of appraisal of silicosis potency is both terse and 
timely. Gartner's paper on corundum smelters and Shaber’s disease adds information many of 
us in the United States and Canada lacked. Koelsch’s paper on silicatosis adds valuable infor- 
mation on the general question of etiology. 

We regret our delay in paying tribute to Professor Jétten for this fine volume, which has 
not so far received the notice it deserves in our American journals, 


Pritie Drinker, Boston, 
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Sterile Petrolatum 


dressing for 


burns * abrasions * athletic injuries 
circumcisions + carbuncles « leg ulcers 
plastic surgery * many other traumatic 
or surgical wounds 


pack 


abdominal incisions + hemorrhoidectomy 
compound fractures + osteomyelitis 
arthrotomy * sucking chest wounds 
pilonidal cysts * many other indications 
for non-adherent packing 


drain following 


appendectomy * tenosynovitis 

forearm incision + closed chest drainage 
intra-abdominal abscess + cholecystectomy 
auxiliary to closed-tube drainage 

mere other incisions and ee wounds 


TWO SIZES: each six envelopes to the carton 
UNIT ENVELOPE — one 3”x36” dressing 
DUPLEX ENVELOPE-—two 3”x18” dressings 
Available through your regular source of supply 
CHESEBROUGH MFG. CO., CONS’D 


Professional Products Division 
NEW YORK 4, N.Y. 


Nae 
J 
— 
= 
~ 

~ ; — 

—. 

a Petrolatum Gau3e Dressing 
| 

HESEBROUGH MIG COMPANY CONS 

VASELINE is the registered trade-mark of the Chesebrough Mfg. Co., Cons'd 


YOU, Doctor, are the best judge, so 


BELIEVE 


With so many claims made in cigarette advertising, 
most doctors prefer to judge for themselves. 
So, Doctor, won’t you make this simple test? 


Take a Puitip Morris— 
and any other cigarette. Then, 


Light up either one. Take a puff—don’t 
l. inhale—and _s-l-o-w-l-y let the smoke 
4 come through your nose. 


) Now do exactly the same thing with the 


other cigarette. 


Then, Doctor...BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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APPROVED | 
RESPIRATORY 
PROTECTIVE 


EQUIPMENT 


Since the very beginning of the war on 
occupational diseases of the respiratory 
system, Willson has cooperated with 
outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 
the product 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and pertected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 


A= 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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in colds 
sinusitis 


Nasal membrane showing increased 
leukocytes with denudation of cilia. 


Nasal engorgement and hypersecretion 
accompanying the common cold and sinusitis are 
quickly relieved by the vasoconstrictive action of 


The decongestive action of several drops in each 
nostril usually extends over two to four hours. The 
effect is undiminished after repeated use. 


Relatively nonirritating . . . Virtually no central 
stimulation. 


Supplied in %% solution (plain and aromatic), 
1 oz. bottles. Also 1% solution (when greater con- 
centration is required), 1 oz. bottles, and 2% 
water soluble jelly, % oz. tubes. 


NEO-SYNEPHRINE’® 


HYDROCHLORIDE 
Brand of Phenylephrine Hydrochloride 


Normal appearing nasal epithelium, 


4, 


New 13, N. Y. 


seration . . . free drainage 
Neo-Synephrine, trademark reg. U. S. & Canada 


